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2 Introduction




Perhaps no aspect of modern times is as
pervasive and influential as change . This
century has been marked from its beginning
by far-reaching change -~ scientific, tech-
nical, social, political, even cultural .

The synergistic effect of change acting on
change has increased its rate, so that the
ability to cope with and plan for change has
become a central feature of modern exis-
tence.

The problems that can result from the mobility
to respond to change are well illustrated by
the design of many of the world's ports and
harbors. Until recently these facilities could
be designed by looking backward for examples
from the past. But rapid communication and
the economic pressures of world trade have so
shortened the gap between scientific break-
through and technological implementation that
models from antiquity no longer suffice. Con-
tainerization, supersized vessels, ocean-going
barges and new cargo handling techniques are
but few of the most recent developments to
which ports must respond. Another, spawned
by necessity and massive social pressure, is
the need for preserving environmental balance.

Clearly, ports and harbors of the future must

be planned and designed to accommodate
change. The purpose of this report is to aid
those who are involved in and responsible for
port and harbor planning and design. It is
hoped that through the use of the guidelines
presented herein,marine facilities may be de-
veloped which are more rational , more flexible
and thus more functional .

The next section of the report, Part 3, pre-
sents an analysis of present harbor design
features. Part 4 describes step by step re-
quirements in port design and construction .
Important trends in marine and transportation
technology are described in Part 5, and Part
6 suggests planning and design concepts for

ports in different stages of development. Nau-
tical terms, perhaps unusual to the uninitiated,
are explained in the Glossary, Part 7,
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3.1 Types

L4

3.1.1 Geographical

3.1.1.1 Coastal Port

Coastal Ports are those which are affected by

tidal ranges and are readily accessible to

open water . They provide the following

advantages:

+ deep water for large vessels

. expansion capabilities on water and land

+ maximum accessibility for coastal and
overseas trade

+ desirable locations for industrial develop-

ment .

Reproduced by permission of the Port of
Wellington, New Zealand
Disadvantages of coastal ports:

. tidal action
« silting
. unprofected.

Coastal port development follows two basic
forms:

A . Seaward expansion

B. Inland expansion.

3.1.1.2 Inland Port

Infand ports are those which have little or no
tidal effects. These ports are located up rivers
or channels, They provide the following ad-
vantages:

« protection

« water access to interior

* reduced transpertation costs
* |imited tidal action.

\ BN AN
Reproduced by permission of the Port of Hamburg,

Germany
Disadvantages of inland ports:

. unseasonal rise and fall of rivers or channels
* accumulation of sedimentary material
+ limitson vessel size,

Inland port development follows two basic
forms:
A. Restrictive

B. Unrestrictive.




3.1.2 Cargo

3.1.2.1 Containerized

The container provides a sound protective
covering for cargo and provides an econom-
ical system for transfer of cargo from one
transportation mode to another.

Containers come in five basic types: reefer,
dry, insulated, vented and special . They

are manufactured in 10 foot increments,
ranging from 10 to 40 feet,and are 8 feet
tall and 8 feet wide .

Advantages of containerization are:

+ reduced ship turnaround time

» less damage

* less theft

« transit shed not required

+ containers can be stacked.

Disadvantages of containerization are:

- large amount of land area for container
marshalling and storage required

° older vessels not designed to handle such
large units

* expensive handling equipment required

* paper work involved not as advanced as
containers, therefore delays occur.

~ Classification of ocean borne general cargo

suitable for containerization is listed in three
general classifications:

A . Prime - generally commodities of high
value with relatively high shipping rates.
These prime commodities possess physical
attributes which permit them to be effi-
ciently packed in containers. Many of these
commodities are highly susceptible to domage
or pilferage. Examples of prime cargoes are
liquors, wines, pharmaceuticals and non-
bulky items.

B. Suitable ~ generally commodities of
moderate value with shipping rates less than
those for prime commodities. This classifi-
cation has a modest susceptibility to damage
or pilferage. Example of this type include
wood shingles, wire products and bagged
coffee. Other type cargoes that fit in this
category are those that could be contaminated,
such as bagged flour or cargoes that incur
labor penalty charges such as green hides and
carbon black.

C. Marginal - generally low value cargoes
that could be placed in containers. This type
cargo includes pig iron, steel ingots and
unmanufactured wood,
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England

3.1.2,2 Bulk Cargo

A homogeneous cargo with no form of pack=~
aging and not capable of being handled with
a sling. There are two general classifications
for bulk cargo:

A . Dry bulk - all commodities which are not
in a liquid or gaseous state. Examples: ore,
potash, phosphate, gypsum, limestone, ce-
ment, coal, grain. ,

Loading facilities for dry bulk vary from con-
ventional drag line to seaside galleries equip~
ped with elevators, storage bins and convey=
or systems.

Wheat loading facility in Sidney, Australia

Reproduced by permission of the Port of Bristol -

B. Wet bulk - all commodities which exist

in a liquid or semi-liquid state. This cargo

is usually pumped. Examples: sulphur, petro-
chemicals, crude, gas, slurried minerals (coal,
bauxite, iron ore).

Loading facilities for wet bulk usually include
a loading dock which supports the various
valves and required hose hanhdling equipment,
Tankers and tank barges generally are equip-
ped with adequate pumping equipment to dis-
charge their cargo .

Advantages of bulk handling:

+ minimum labor required

* no packing or packaging required

* one bill of loading

* usually one port of call

* ability to haul large volumes over long
distance

Disadvantages of bulk handling:

- not all ports can service bulk vessels

* limited variety of cargo

* require large storage facilities

* many bulk cargoes difficult to dis-
charge »

* require extensive clean up of equipment
for different type cargoes using same
discharging equipment.




3.1.2,3 Break Bulk Existing problems facing passenger service:
General cargo that is largely manufactured * decline in passenger volume due to airlines
items or components of various types and * passenger vessel routes seldom change
quantities that are shipped together. A great + speed and cost.

deal of food stuffs and raw materials fall into
this category . These items generally require
storage or protection offered by transit sheds.

Advantages of break bulk cargo:

« usuvally transported by land carriers because
of value {truck or rail)

+ shipped on regular schedule

+ can be economically stored away from
dockside.

Disadvantages of break bulk cargo:

+'require large open storage space

« subject to theft and pilferage

« require fransit sheds for sorting and tem-
porary holding .

3.1.2.4 Passenger

Ports which are designated for the movement of

people and their personal effects to and from a : .

vessel. Reproduced by permission of the Port of
Bristol , England

PO o e

Characteristics of passenger ports:

« provision of facilities for passengers: toilets,
lounges, baggage check, etc.

* related to established trans—ocean routes

* usually concentrated at densely-populated Passenger and freight time schedules for the
areas. Port of Dover, England

Dover
: oo Hovercraft Roll-on/roll-off
.‘.o. . %,
o o 90, e
.. .. ®e . Zeebrugge Ttownsend Ferries . 3.75 hours. 5 sailings daily
.. i .. Ostend ‘Belgian Marine . 3.75 hours . 8 sailings daily
% '. Dunkerque British Rail Ferry. 3.50 hours .4 sailings daily

French Railways .3.50 hours . 2 sailings daily

Calais French Rail ways .1.50hours .8 sailings dallr
British Rail Ferry.1.50hours . 4 sailings da IK
Townsend Ferries.1.50 hours .12 sailings dafly

Boulogne British Rail Ferry.1.50 hours .12 sallings daily
Seaspeed SAN4 ‘Iovsrcraft. 40minutes .121lights daily




3.2 Location 9

3.2.1 Physical Factors

3.2.1.1 Land
Parameters to be considered include:
- established trade routes and their relation

3.1.2.5 Specialized
Ports which handle one material or product
only. All their equipment is geared to maxi-

mize the handling of its particular cargo at
the highest efficiency. Example: coal port,
fishery port.

to interior transportation networks
* existing adjacent port installations
* accessibility to hinterland and areas of

production

Fishery ports are of basically two classifi~ First and second day rail service

cations:

A . Commercial - port utilized as a place
of discharge for fish product. They require
facilities for filleting, packing, freezing
and manufacturing fertilizer or fish meal .
B. Small fishing boat operation - catch
sold day by day at the docks.

Source: Port of New Orleans

3.2.1.2 Water

A harbor is primarily a sheltered water area af-
fording a natural or artificial haven for ships.
Harbors provide calm water for maneuvering of
and berthing ships as well as providing anchor-

, ing space.

Harbors have three general classifications:

A . Natural harbor - an inlet or area of water
protected from storms and wave action by the
natural configuration of the land itself. The

enfrance is so formed and located that it pro-
vides safe navigation as well as protection.



B. Semi-natural harbor - an inlet or river
sheltered on two sides by head lands and re-
quiring artificial protection at the entrance
only.

C. Artificial harbor = protected from wave
action by means of breakwaters or by dredging .

Types of natural harbors:

A . Ria harbors - submerged estuaries in a
rejuvenated land surface provide very good
shelter with adequate depths for vessels.

B. Fiords - great length in proportion to
breadth, steep sides, unimportance of rivers
which drain into them, seaward threshold,
have great depths.

C. Fohrden - estuaries in low country of
soft rocks, which have lost the rivers which
once flowed into them.

10

D. Embayed volcanoes - where an island or
coastal volcano has had its crater walls eroded
and submergence has taken place. The crater
and the eroded gully can form a deep, well-
protected harbor .

E. Coral harbors = coral reefs in the form of
atolls and barrier reefs often act as immense
breakwaters ,

It is necessary in the selection of a suitable

harbor site to consider:

- amount of dredging that will be required

- bottom conditions

- shore area available for terminal develop-
ment

- size and shape of harbor

* geographic, climatological and geological
information .

Rio de Janeiro

N o2
o~
LS
H
0 5 10
- I e
miles

Loch Ewe

Ria harbor example

Fiord harbor example
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3.2.2 Socio-economic

Location in areas with unexploited resources
and an embryonic industrial development re-
quires an appraisal of basic position of the
port in reference to how it will best serve the
hinterland. Factors influencing these deci-
sions include: ,

- processing plants utilizing inexpensive
water transportation for raw materials and
finished products

* fuel types and accessibility

= export and import potential .,

In developing countries,ports are developed

for usually one of the following four reasons:

A . Establishment of new national boundaries.
This process may have eradicated or placed a
port outside of the new boundaries making it
necessary to establish a new port if the country
is to continue in frade and commerce,

B. Shifts in national growth patterns may
create the need for facilities nearer the hinter-
land previously serviced by remote trade centers.
C. New or major industry requiring a coastal
outlet.

D. If existing ports are unable to expand and
have reached their economic limits, it is nec~
essary to establish new adjacent facilities to
efficiently handle the trade.



3.3 Administration

3.3.1 Owning Organizations

After close examination, it becomes apparent

that no two ports are administered the same

way. No standard administrative structure

has been established, However, most ports

fall into the following classifications:

* self-governing ( board, trust, authority,
commission)

« private (industry-owned)

- public/state

- municipal

- others (railway-owned, customs~owned,
free ports).

3.3.1.1 Self-Governing
A self-governing or trust port is one controlled
and operated under the direction of the users,
the port authorities and other interested organi=-
zations. This includes local public authorities
and state departments, all of whom are re-
presented on a governing body, usually called
a board. The board is almost invariably made
up of appointed members, presided over by a
chairman. Normally, there is a substantial,
many times a majority, representation of payers
of rates and charges on vessels and goods using
the port. The trust ports are non-profit making
with undertakings ordinarily financed by
public subscriptions bearing fixed rates of in-
terest, However, because borrowing can be
made only with governmental consent, funds
available to trust ports for development are
normally limited to the gains realized by success-
ful management. The trust port authorities,
independent and non-political, provide a unity
of administration with a considerable fund of
expert business experience on which the port
can depend. The desires of the members who
are port users are combined with the long ex-
perience and know-how of the management and
executive officers. Summing up, it may be
said that self~governing ports owe their growing
popularity in many ports of the world to:
* their power to shoulder the heavy finan-

cial burden which the provision and main-

tenance of port and dock entails
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+ the representation which they offer to those
using the port in the course of business and
to organizations whose interests are affected
by its efficiency and success

* their freedom from political considerations

* their impartial policy in relation to all forms
of transport wishing fo use the port.

3.3.1.2 Private

Privately owned ports are those owned and
managed for the purpose of making a profit,

in the same manner as any other private enter-
prise. They are normally owned by companies

or private individuals operating under statutory
powers conferred on them by government. Within
this category fall those parts of a port owned pri-
vately and run for the particular purpose of dealing
with the specialized cargoes of a company or trad-
ing group.

Originally, many ports were run as private enter-
prises, but the heavy cost of capitalizing them,
the rapid obsolescence of expensive facilities
caused by the great advance in size of ships, and
the freezing of capital in anticipation of such
developments made them unsuitable subjects for
this type of undertaking. They gradually came
under the control of one or the other of the more
financially powerful types of organization. The
major characteristics of privately owned ports
are their:

. relative freedom from restrictions

+ freedom from political considerations

. impartial policy in relation to all forms of

transport .

3.3.1.3 Public/State

Publicly and state-owned ports are both govern-
ment-owned ports, (although there is a distinction
between those that come directly under a govern-
ment department i .e . state-owned port) and those
organized under control of some type of govern=
mental agency .

With the state running the port, the national policy
can be expected to be evident. The port may well be



integrated with rail, road and waterway
services when they too are nationalized.
Subsidies from state sources are not un=
known, particularly where major develop-
ments are concerned. Fears of absentee
direction, bureaucatic interference and
failure to appreciate local conditions may
be evident. It should be noted that state
ownership in its present form is not ac-
companied by any reduction in the number
of organizations operating within the port.
In fact, the state rarely seeks to do more
than provide a port, leaving the users fo
operate it,

The major characteristics of state-owned
ports include:
- excellent financial resources
. opportunity for planning on a national
level
. impartial attitude to all methods of
transport desirous of using the ports.

3.3.1.4 Municipal

Municipal ports are usually administered by
a committee of the local authority . This
committee is usually drawn entirely from
members of the town council who therefore
rely on re-election at municipal elections
to continue their membership on the com-
mittee . This system creates incentive for
elected persons to take pride in a smooth
operating port. However, there is little
guarantee that a newly elected committee=
man will be well-informed on the problems
peculiar to the port. Surplus revenue that
should go to port development may prove
too great a temptation to city councilors with
pet schemes for municipal improvement .

The major characteristics of municipal port

undertakings are:

+ good financial resources

- ability to offset losses against "invisible
assets", such as employment for towns-
people

13

. impartial policy in relation to all forms
of transport .

3.3.1.5 Others
Railway-ownership has been brought about
in many cases by the practice often followed
by railway companies of acquiring or build-
ing docks for the purpose of feeding their
railway systems or for use as terminals. Such
docks are regarded as independent profit-
earning units. They are part of the service
offered by railway companies to the trading
or traveling communities. Railway companies
have been enabled by their good financial
resources fo spend large sums in developing
and improving docks. The major characteris=
tics of railway-owned dock undertaking in-
clude:

» good financial resources

. ability to offset losses on docks, against

profits earned over the whole railway
system
. freedom from political considerations.

An ancient form of port management which
still lingers in some parts of the world is that
of control by customs administrations of the
country concerned. It is understandable that
under primitive conditions the ruler of a mari-
time state should regard ports as means through
which much needed revenue could be channel-
ed, with the day by day running of the port as
a secondary objective.

The free port is a port area in which goods
liable to import duties can be stored without
payment of duty; this is paid when the goods
go out through the dock gate to their destina-
tion in the surrounding country . The obvious
advantage of this system is that foreign goods
can be discharged from ships, put into ware-
houses, processed and exported again without
having to pay duty to the national exchequer.



3.3.2 Operations

The operation of a port is a complex under=-
taking. Due to the overlapping of types of
port ownership and administration, it has been
necessary to establish some sort of operational
format. This has been successfully achieved
in the formation of port authorities. Func-
tions of port authorities vary but usually in-

clude items such as:

* development planning

* traffic promotion

* capital raising

* independent terminal development
* leasing facilities

* operating transportation modes

* operating harbor equipment ,

A majority of the port authorities of the United
States possess the power of right of eminent

domain .,

The following examples are the organizational

charts of three selected ports:

Port of New York, New York City
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Board —— Law and Parliamentary Committee
— Stores Committee

- Maintenance Committee

— Staff Committee

- Finance Committee

— River Committee

- Dock and Warehouse Committee
— General Purpose Committee

Port of London, London, England

~ administrative
director

organization ' -world trade

& procedures

personnel -tunnels &
bridges

purchasing - real estate

administrative

services - planning &

development

Board of ——Executive
Commissioners  Director

- legal

- public affairs

L finance —[

-operations
services -terminals
comptroller  “engineers -rail transportation

- marine terminals
treasurer aviation
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Mayor — Deputy
Mayors

Port and
Harbor

Bureau

Division

Division

— Engineering — planning

— Administration— general

affairs
department

and research
department

tions de-
partment

department

works de-
partment

partment

ction office

L 2nd construc-
tion office

L Reclamation
Division

— engineering —

general affairs
welfare

st accounting
2nd accounting
requisition

- promotion —[ promotion

research

— management—[ management

operations

— port opera- —— marine

wharfage
— 1st port service
— 2nd port service

— st planning
— 2nd planning
— engineering

— engineering
works

— inspection
— construction
— machinery

— electric

— design de- —[ 1st designing

2nd designing

— 1st constru- —-E Ist construction

2nd construction

-[ Ist construction

2nd construction

construction
department

— project
department

designing
— st construction

— 2nd construction

Port of Osaka, Osaka, Japan




3.3.2.1 Customs

The primary responsibility of the U.S. Bureau -

of Customs is the administration of the Traffic

Act of 1930, as amended. Their duties in-

clude:

» assessment and collection of all duties, tax-
es and fees on imported merchandise

+ enforcement of customs and related laws

+ administration of certain navigation laws
and treaties.

As an enforcement organization, it combats
smuggling and fraud and enforces the regula-
tions of numerous other federal agencies.,

Criteria for establishing a customs office is
based largely on volume of business in a port .
Size of staff also is "dependent” upon

volume of business. Facility requirements
are dictated by staff size.

3.3.2,2 Physical

The physical functions carried out in a port are
divided into inboard and outboard functions
with the transition point being the ship's rail .

functions
piloting

inboard [outboard

dredging

lighting

buoying
locking ships in or out
dry docking

landing .

receiving & loading cargo

providing & maintaining
cranes

quay equipment

policing

providing power

bunkering

watering

towing

o0o0j000j0 © (0o oo e

customs

victualling

repairing

discharging

disembarking

embarking
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Ship related problems or responsibility of

‘cargo matters fall into the jurisdiction of

the Cargo Superintendents Department .
Usually one person either on staff of the
company or on contract assumes the duties
outlined:
- see that all booked or manifested cargo
is loaded or discharged
* note its condition on receipt
* comply with the requirements of the master
in the matter of storage
* ensure that the stevedore's responsibilities
are satisfactorily discharged.

The number of independently operated organi-
zations involved in executing port and harbor
functions may vary from suprisingly few to
many . The following list indicates several
typical types:
A . Carriers:
+  steamships
barges
railroads
motor trucks
* airlines
pipelines.
B. Storage Agencies:
- waterfront general storage agencies
warehouses
*  grain elevators
free trade zones.
C. Shipper and Shipper's Agents:
* shippers of freight
receivers of freight
customs brokers
*  export agents.
D. Freight Handlers:
*  stevedores
car and truck loaders and unloaders
*  cooperage firms
terminal companies
grain elevators
ore, coal and other bulk handling.
E. Vessel Agents:
- steamship agents
steamship brokers .



F. Vessel Service Agents: , G. Financial Institutions:
towage firms * banks
vessel stores suppliers *  insurance firms.
fuel suppliers H. Industry:
repair yards *  waterfront business firms
dry dock firms *  free trade zones
supplier of water and power . - export subsidiaries of warehousing firms.

Diagram of cargo movement from vessel
Source: Port of Rotterdam
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3.4 Transportation

3.4.1 Land

The main function of the various transpor=-
tation modes is the fast,efficient movement
of cargo.

3.4.1.1 Trucks

Truck characteristics which relate to port
usage and planning include the weights,
sizes and turning radii. The following charts
are an attempt to provide a reference guide
for truck information, but detailed informa-
tion concerning each state's vehicle laws
must be used in the final planning of a parti-

i
[ Tractor Tumlng\
| Radius \

s
Canter line of
tralier axle

Determining Maneuvering Equipment

Loeading Dock

A . Draw to scale trailers up against the load-
ing dock at expected minimum spacings. (Use
measurements of longest and widest trailer ex-
pected at dock with rear most axle or tandem
position .) :

B. Extend trailer #2 axle or tandem center line
in direction of turn. ’

C. Draw chord AA{ from that point on the side
of trailer #2 where the axle or tandem center
line intersects the side of the body, to the nose
corner of the adjacent trailer *1). Thisisa
chord of the curve through which point trailer
#2 must traverse to miss trailer 1,

D. Bisect chord AA1 and extend a perpendi-
cular line until it intersects the extension of
trailer #2 axle or tandem center line at point X.
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This is the point about which all points on
trailer #2 must rotate to miss trailer #1.

E. With the compass point on point X, swing
trailer #2's nose around until point A reaches

A71. Sketch trailer #2 into its position as
shown .

F. Through the location of the kingpin, ex-
tend a line back through point X. This line
then represents the center line of the tractor
drive axle or bogie. From this drive axle
center line, draw the tractor with the great-
est turning radius in its proper position with
respect to trailer #2 in its second position .

G . With the compass point on the tractor

front bumper (opposite side from the direction
of the turn) scribe an arc equal to the turning
radius of the tractor so that it intersects the
center line of the tractor drive axle at pointY.

H. With the compass set at the turning radius
of the tractor, place the point at Y and scribe

an arc that represents the curve through which
the bumper will travel .

I. Finally, measure that distance from the dock
to that point on the curve just drawn which
represents the greatest distance from the dock,
Based on a Single Continuous Forward Move-
ment, This Represents the Absolute Minimum
Distance Away from the Dock Needed For
Maneuvering Area.

Minimum interference distances may be de-
creased by increasing the minimum spacing
between trailers,. by using trailers with the
axle or tandem advance as far forward as
possible, by using tractors with smaller turning
radii and by using a saw~toothed loading plat-
form design. Power steering can be of some
help, for in a practical operation and for a
given turning radivs, the less effort required
to turn a tractor, the shorter the distance re-
quired to maneuver the vehicle.

Reproduced by permission of Truck Trailer
Manufacturers Association
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_
single Vehicle %

No motor vehicle, commerical motor vehicle,
truck tractor, trailer or semitraiter shall exceed
a length of 40 leet

0
1B
10 _\\
§
[ el
Combination of Vehicles L 1
The 40 foot limitation will not apply to a [
somitrailer if the tractor-semitrailer combination
does nol exceed 50 feet in total length W }

=
¢
r

No truck tractor and semitrailer operated in
combination shall exceed a total length of 55 feet
when the samitrailer is 40 feet in iotal length

-]

:
.
-

|
5 ; -
No truck and trailer or iwo trailers or any other | —
ination of i P in a tandem [
combination shali exceed 65 feet in overeil jength, o
limited to 40 foot lengths for single vehicles - I
& i
—— ﬁ b
AT U
IR N -
10 20 30 40 50 60 70

Vehicle Types

Jy d-
) GOk
= Chesm—5

Source: Texas Commercial Vehicle Size and
Wainht | lmmitatiane 1040




Sute legislitures are constantly making chasges fa (bie respective motar vehicle requtatocs.
are caubioned o coasult legialative enactment bulletine if it i4 necens
Iretn varisus other mources,

Consequemly, even though UM chart [ revised periodically, resders
a5y 10 be abachaicly up-wo-daie on reguiAtions wnd etircement tnlerpretations. Thess are svallabls

_PURPOSE,

- !‘n';.u‘n AMxt MARREY of e gederal public, for trailee masufacturers alesmen, for motor carcier customers and others, fhs chart prevides s Quick releresce on size
vt mitanions (n the US4 o xatsty most Questions,  Spectalived trullers, fe. 5., pole trallars, avio carriers,elc, ) which are frequecsly £xstn
(hat 2pply 0 commerrial trailers 10 (MR, are likewise exeluded from coasideration Io the chari, o) Y (roqueely S fom e limlustons

CALCULATIONS |

e ehart shows Gross Weight Limits for 3-Ade, 4-Axle, mmd 8-Axls tractor semitrailers,

L Deces|
To mrri M the: I -
3l of whieh arv reflective of current trailer practice, " o= O 1t T male carain ssemptions

; ' ot A wtr B

MOTE A - This axde (s citted in 3-

Axle and 4-Axle combs caled
VOTE - Ty e ombination calcilatons,

omitted in 3=Axls camMustion caleulation,

@) COMBINATION LENGTH
xn =
o atlet et 2 combluation lengh of 59 feel.  MoB: states db Bt Umit the length of the demitratler itsolf 4o long Ga the combisation lewth restriFon 18
Homevar, 2 substanticl aumber of statea have o 49-fot trasler length 1imiL Fesulting 1n & typical overall combination tength of S0'4",

© " REAR AXLE LENGTH - 4p 2.1/
With 2 Tmat cverhany fum per io {ronl axie cesterling) of 89" and » rear overbusy (rear of truler to
. rear axte cemorline) of 2 1/2°, & dmcaskon
[rom (oremost 1o rearmost ade fs determined tn bo 45' 1-1/2%. Thia dimenaios, usaally roumded o 1o the Desreat whol s usad
maximum allovble masx weights where tables oe formalas must be employed. o 91 146 o vasd 10 crarming

@ ERONT AXLE 1OAD - 0,000 tbs,
* Thais a practical sweering axe losd. [t may be feasible o load (e front axe greater than chls - para power case
cater . olarly with stoering - 1 whi
maximum ralculated gross weight 1imit may be proportionstely {ncressed so loog m2 the groms welght table or forveuls |imits are m’x‘moﬂ-d.” s

h GROSS WEIGHT LIMIT
The figures lor 3-Axle, 4-Axle. sad 5-Axle combimtions sre eatablished by whichever is ibe more restrictuve of either (A} the sum
(B} the limit trypased by table or formula (f establiated), “ o1 e se Toad imls,

or,

© Mg WABLE GCW_IGROSt COMBINATION WEIC
TH® columo in the chart ladicuios the maximum gross Ioad permitied ou say logal combination ualog riAximUm Wmber Of KKeé and maxi leogth permitied,

Reproduced by permission of Truck Trailer
Manufacturers Association .

STATE SIZE & WEIGHT LIMITS

(This Chart is Desigmed Only as o Quick Beforence = State Laws Should be Exaniined for Specifics)
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JULY 1, 1870

LENGIH LIMITS (FT) AXLE LOAD LIMITS(Ibs) GROSS WEIGHT LIMITS{tds) UsE
wioTH g MAY AU FORMULA
STATE n ;.'-.“.. Troet Teaurer & P Colcvlored’ GWE Pur
Teaiter o Sami 8 Pult siNaiE FT. Apart T aetn e awe TABLES
Alahama 36 xS NP NP 18,000 E5 36,000 E5 45,000 63,000 3,260 3, 280 T
Alaska 6 4 [} [ 20,000 D1 34,000 0,000 72,500 6,500 100, 000 T
Arizoua 3 NR [ 63 18,000 32,000 45,000 58,000 73,000 76, 800 T
Arkanaas 96 NR €5 133 18,000 32,000 45,000 73, 260 73, 280 .
Calil.rnia 56 B) 40 55 85 18,000 32,000 . 45,000 . 59, 000 . T__
Colorado B ¥ ‘MR 1541 5 AL 18,000 36,000 15,000 63,000 F2
Connecticut 102 40 C2 NP NP 22,400 DX;E1 36,000 E1 §3,600 &7, 400 73,000 13,000 e
Delaware 96 NR 65 & 20,000 DS 36,000 48,000 €5, 000 73,280 73,280 T
District of Columbis 9% ) 55 NP 22,000 38,000 53,000 3, 000 70,500 70, 000 T
Florida 98 N C5 6 55 NP 20,000 E5 40,000 ES 49,000 Es 66,610 ES 66,610 E5 13,271 T
Georgla T ‘N 8 5877 77 7] UssT T20,346° T [ 4d,8m0 C 49,680 10, 020 73,2680 73,280
Hawaii w8 NR 55 (1] 45 24,000 D7 42,000 54,000 65, 000 73,280 73,260 T
Idaho 96 NR 60 65 65 C7 18,000 D6 32,000 45,000 58, 000 73,000 76, 600 e
Minols 96 42 55 [ 65 AL 1K, 000 a2, 000 45,000 59, 000 73,000 73, 260 T
98 NR 55 55 [ 18,000 D& 32,000 45,000 9,000 72,000 E7 7200087 | ...
T - T S NR CA 7 S S 0 " 18,000 E2 | s2,000E2” | 45,000 B4 59,000 E4 71,612 E4 73,280 T
95 B2 42.5 C2 55 63 A1 65 Al 18,000 32, 000 45,000 59, 000 73,000 73,280 T
9 3 18,000 L 32,000 E3 45,000 A1 60, 600 A 73,280 Al 73,260 AL
86 NR 18,000 D 32,000 45,000 59, 000 13,000
102 A2 NR 22,000 D 36,000 A1 51,800 66,300 3,280
- 26 T Mw T 22,400 777 4o, 000 T [, H00 " 65,000 73,230
%6 ) 22,400 D6 36,000 53,800 67,400 3,000
°% R 18,000 D5;G4 26,000 G4 45,000 59,000 A1 73,000 AY 136,000 AL
56 I 18,000 32,000 15,000 3,000 T
98 N 18,000 D& 32,000 A1 | 45,000 R T3,000A8 | T _
TeE T N 18,000 232,000 45,000 13,280 T
%6 NR 18,000 G3 32,000 G3 45,000 73,000 Ga T
6 KR Cs 18,000 E3 32,000 E3 45,000 E2 59,000 E2 71,148 95,000 A1 T
96 B2 ) 18,000 3z, 000 145,000 59,000 73,000 76,800 T
New Hampshire 26 NR 22,400 I3 36, 000 52,800 66,400 73,280 73,280 T
New Jersey ™ - T e ERCiT [%2,200 De; E3 " [ 32,000 £5 ' 53,800 E3 63,400 E3 ~ ° 13,280 73,280 T
New Mexico 6 B3 R 21,600 D3 34,320 52.200 64,920 7,400 T
New York %6 NR C4 22,400 D6 16,000 53,800 67,400 71,000 E3 ¥
North Carolina %6 NR 18,000 D3; E6 6,000 E6 45,000 E3
| _dorth Dakota . 56 .. m 18,000 D2 32,000 45,000 EY Fl
Ohio 96 NR 19,000 D4 32,000 G1 47,000 D T
Oklatnma % M 18,000 4 32,000 145,000 T
Oregon 96 B1 35 18,000 D2:G2 32,000 G2 49,000 A1 T
Pennsyivanla 9 a0 22,400 DE 36,000 50,000 E2
Rhode [sland 102 2002 22,400 53,800 . .
"Bouth Carclina’ T w 20,000 50,000 E5 85,000 E5 73, 280 -4
South Dakota 96 NR 18,000 03 32,000 45,000 53,000 3,000
Temessee 9% NR C6 18,000 32,000 45,000 59, 000 73,000 e
Texas 13-4 96 R 18,000 D4 32,000 45,000 59,000 72,000 T
L M 9% | 45 18,000 - | 33, 000 45,000 60, 600 75, 000 | T
Vermom 13-6 96 NR 23,400 E3 36, 000 53,800 &7, 400 73,880 T - T
Virginia 13-¢ 96 NR 18,000 D4 32,000 45,000 59,000 70,000 T
Washingon 12-6 9% 4 15,000 D2 33,000 45,000 9,000 68, 500 T
West Virginia 13-6 A3 9 R 18,000 E3 32,000 E3 45,000 E3 59,000 E3 70,000 EZA1 T
Wisconsta 13-6 96 sc3 19,500 32,000 48,000 60,500 1,000 T
Wyoming 13-6 96 N 18,000 36,000 45,000 63,000 72,950 T
¥ 8¢ Rrverae Side Far Method o motuos BN
- w ors
T o vt s etcomom et I vl g LR, B T Y T ——
3o Eacercon lmeretite e oct mt enweed 201 o< rumia T o 19
B0 W e B - amim D - meme T Pt et it - 201
W M Bremtied oo ™ - 73 o Formuis 33,000 - (1w 00w
W R e o oo - P Formua 2,00 - (L x 8)
Lyt & - mo-
T Tahes i L 0Lee (rom BUle Wrbor © - Pl trwiler 400, o - L s
Nehiele Adrmstraees PR A e — e
. o= om . P tpcbes
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< Desigrstrd Haghwars CLL - Lewgth ramy be icreomed % 1y speetd prem, A et o0 Lo il e 4 500 Do ot
:: - E,": :’iﬂ T:!:m oh Interstate l:mm
- o G1 13,000 va stnele waie iF avacm broeeen 1171 and 3 T e s Avoanee
B¢ S Pumnin i oo G ase pee p e o—

B1 - Overlasd oo 1000 Y. mx 2 vickabon o




3.4.1.2 Rail

Rail movement of cargo represents a sizeable
volume. The types, sizes and number of
rail cars are many:

» general purpose box cars

+ bulk head flat cars

+ general and special purpose flat cars

» specially equipped box cars

* auto-veyor and saddleback flat cars

* gondola cars

* covered hopper cars

+ open-top hopper cars

* refrigerafor cars .

Each rail line provides their own sizes and
variations to each of the above as well as
many custom and special cars. The only
item that remains constant is the wheel
spacing to fit existing tracks.

In 1968, the total U.S. fleet of freight cars
was approximately 814,000, of which 70,000
were added in that year. The trend has been
to larger cars.

The "piggy back" concept represents 5% of
all car loading .

In 1968, there were approximately 1,337,000

railway car loadings, which carried 2,179,000

revenue producing units. This figure increases
as more items are containerized.

Problems generated by this increase are pri-
marily ones of congestion, Many shippers
desire late aftemoon collection and early
morning delivery . To accommodate this,
more trailer parking space is needed at the -

port .
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Another concept utilized in the rail industry
is the "unit train". This idea, not really

new to the industry, is growing in use.
Basically, the concept is designed for bulk
cargoes, such as coal, pelletized ore, potash,
phosphate, lead, com, etc., which can be
loaded at one point then delivered uninter-
rupted atf the destined port. The owner of

the cargo leases the entire train for his cargo .

Another concept designed to compete with
marine conveyance is the "land bridge".
The land bridge is the utilization of land
transport for part of what would normally
be an ocean voyage . lts intent is to move
goods by shortest distance between two
points at the lowest elapsed time and cost.
Containerization is the key to bringing
time and cost for land transport to a com-
petitive position with sea transport. How-
ever, many experts in transportation believe
it will be difficult for land bridges to com-
pete with the new faster container ships
currently coming into service.
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Proposed route of the "Land Bridge"
Source: New Orleans, Centroport

Railway Clearance Dimensions

g-6" 11*-6" min. .
f 56" j 5.9"min. ., 5-9"min.
Warehouse doors 10-0Tmin. T Side tracks
Y : 50" 4, 5-0" ~
Tl 2L e vl
1 } ! only
| ¥ rl- :
e = K
|
'”_____', i T low platform  High platform
For sheds [ For all cars except refrigerator cars
] o |
g |
N <
o o | .
o | 3 e
o ‘ 2 )&
-0
£ : 5.0
o | —
. o
L il |l
3 ; Y te =
Buildings and sheds  Warehouse and High platforms serving Canopies and awnings
adjacent side tracks engine house doors refrigerator cars

Source: Architectural Graphic Standards
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NOTES
THIS CHART FOR INFORMATION ONLY-NO LIABILITY CAN BE ASSUMED
ARCHITECTS, CONTRACTORS, ETC,540ULD CHECK WITH RAILROAD 'NVCLVED

DIMENSIONE: SHOWN IN FEET AND INCHES.

ARE FOH TANGENT TRACK ~ MOST Laws SPECIFY INCREASES rOR CURVED AND
SUPERELEVATED TRALZH,

VEATICAL- MEASURLD FROM TOP OF RAIL , EXCEPT CANADA » 2aSE OF RAL FOR
QYHER THAN PLATFORME,

KORIZONTAL -MEASURCE FROW CENTER LIKE OF TRACK.

APPLY TC NEW CCNSTRUGTION, SOME RECONSTRUCTION ARD SOME EXTENSIONS,

SCME CAN BE VARILD UPON APPROVAL OF APPLICATION 3Y GOVERNING EOOY.

ARE BASED ON WANIMUM CAR $12€ POR AR(ZONA, CALIFORNIA, IDAMO, MINNE:
BOTA, MONTANA, NEYADA, NDATH DAKOTA CREGON ARD WASMINGTOM.

ALL ARE MININUM EXCEPT COLUMNS 26, 26,25, 3t AND 38 WHICH ARE MAXIMUM,

RawAll OMITTED * NO COMMON CARRIER RAILROADS

¢reoNnITIONSL - SEE SPECIFIC RESULATION
Cfri* GAR FLOQR MEIGHT

L4 ENEWMPT

M+ HEIGHT OF CARS QOVERNS

COLUMN 2 SHCWE 8ASIC REGULATION
9 SWOWS BASIC OLTE OF DATE OF LATEST AMENDWENT
78 8 APPLY T0 MAKD AND MECMANICALLY OPERATED SWITCKES EXCEPT AS NOTED
12 8 18 PREVAILS FOR ALL (TEMS NOT OTHIRWISE PROVIDED FOR
15 8 19 BRIDGES SUPPORTING TRACKS
148 20 BRIDGES SPANNING TRACKS
24 8 25 PABSENGLR PLATFORMS
£6.8 27 FAEIGHT PLATFORMS DN IDE TRACKS EXCEPT AS NOTED
208 29 FREIGAT PLATFORMS ON SIDE TRu(KS
STCRPED PLATPORMS ARE NOT GENERALLY ALLOWED
38 OTHMER THAN TROLLEY CONTACT SOLER
38 10 CENTER OF STAND EXCEPT AS NOTED
37 APPLIES TO BCTH SUPPURTY AnD PLATFORMS EXCEPT A9 NOTED

NO CURRENT REGULATION + CHECK WITH RAILROAD INVO-V!II

t

2 LESSER CLEARANCES NOT PEPMITTED IN QUADRAN

3 ENSINE HOUSES &ND $HOP BUILDINGS EXEMPT CR ?EkM'"Eb LESSER DIMINSIONS
4 ONLY (F TRAZKS END WITHIN BUILDINGS

5 Mav BC REDUCED TG 8-0 1F B-3 (2-€ FER vYOMING ) PRIVIDED ON OPPOLITE SiBE
6 mar BE REDYCED TG 5-9 IF €-0 (8- FOR NEB. 8 WYOIPROVIOER ON OPPOSTE GiDE
7 ONLY IF 8-0 (7-3 FOR MONT.8WYC; 8 -&: B.C., MASS, §. TAK) PROVIDED N OFPOSITE SIDE
8 war gE LESS ON ONE SIDE IF FuLt GE'ERAL ICOL. I8) PROVIDED ON OPFOSITE SIDE

© PASSENGER PLATFORMS DALY

\0. M2Y BE 8O AT 4.6 FOR REFKIGERATOR CAR PLATFORMS ONLY

1 TD ENDS OF ARMS IN OPERATING POSITION

12 FOR PLATFORMS AT CAR EAVE REIGNT - SUPFCRTS T0 BE B-0 (8-6 FOR TEXAS)

13, FCR MAIN TRACKS - ALL OTHERS 22-0

14, 8-6 FOR MAN AND PASSING TRACKS

i5 FOR FREIGHY TRACKS - CAN 8€ !3-0 FOR PASSENGER TRACKS

16. FOR HAND OPERATEC SWITCKES - MAY BE 18-0 FOR MECHANICALLY OPERATED SWITCHES
17 FCR WAND OPERATED SWITCHES -MZY BE 17-0 FOR MECHANICALLY OPERATED SWITCMES
16, PARBLLEL LEAD TRECKS: 18-0

REGANOING CANADS - CMECK STRNDARD CLEARANCE DIAGRAM, APPROVLD BY BOARD OF
TRANSPORT COMMISSIONERS FOR CANADA, FOR RAILWAY INVOLVED.

@

Reproduced by permission of Sunfq Fe
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3.4.2 Airborne

‘ o - 3.4.2.1 Air Transportation

i Presently, in terms of tonnage, air line cargo
movement is relatively small . Air cargo con-
sists of primarily high value, low weight goods.
In 1968, air cargo represented only 438, 900
tons, but its value was 6.2 billion dollars.

New high speed, high capacity air craft,such
as the 747 and C-5A, together with increasing=
-ly fast ground handling systems,will improve

air cargo capacity and productivity and will
lead to lower ton-mile costs and probably
lower freight rates. '

It is predicted that by the year 2000 air cargo
could absorb 25% to 35% of ocean borne
general cargo.

3.4.2.2 Future

The effect of (V/STOL) Vertical /Short Take
Off and Landing Aircraft is yet to be fully
realized. The benefits are unlimited, pro-
viding the aircraft can carry large payloads
economically. This type aircraft will permit
faster, more direct port-to-user delivery to
inland areas.

Source: D/FW 2001 Dallas/Fort Worth
Regional Airport = 2001

There exist proposals for offshore airports to
eliminate problems of noise and air congestion.
These same air ports could be combined with

deep water ports to further intermodal transportation.

Helicopters can be an effective mode for the
movement of goods, due to their vertical lift
capability .




3.4.3 Waterborne
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. "Insofar as world pressures are concerned, the

ship appears to be coming first. The growing
sizes of certain types of ships are increasingly
rendering many traditional ports obsolete in
terms of capabilities, and are forcing others
to adopt radically new handling, storage and
distribution techniques. In many cases, vast
cargo volumes are involved which are already
causing the activities of superships to be con-
centrated at new and often more remotely
located deepwater, specialized harbors "

Source; Harbor and Port Development, A
Problem and an Opportunity . U.S. Army
Corps of Engineers, July 1968.

1970 1980 1990 2000
Container Max DWT in
Ships/General World Fleet 25,500 33,500 43,500 50,000
Cargo Ships Length (feet) 850 930 1,010 1,050
Beam (feet) 108 117 127 132
Depth (feet) 74 30 85 88
Draft (feet) 36 39 Lo 40
Average DWT
in World
Fleet 8,168 8,583 9,043 9,350
Tankers Max DWT in
World Fleet 300,000 760,000 1,000,000 1,000,000
Length (feet) 1,135 1,460 1,570 1,570
Beam (feet) 186 252 276 276
Depth (feet) 94 129 142 142
Draft (feet) 72 98 104 104
Average DWT
in World
Fleet 39,825 76,225 90, 000 94,325
Dry Bulk Max DWT in
Carriers World Fleet 105,000 185,000 317,000 400,000
Length (feet) 870 1,040 1,230 1,325
Beam (feet) 125 152 183 198
Depth (feet) 71 84 99 106
Draft (feet) L8 57 66 71
Average DWT
in World
Fleet 14,750 18,750 23,575 27,350

Projected Vessel Characteristics 1970-2000

Source: U.S. Department of Transportation



3.4.3,1 Container Ships

Roll-on /roll-off vessels utilize cargoes that
move under their own power. A majority

of heavy cargoes and large items that do not
lend themselves to containerization such as
farm machinery and wheeled vehicles, utilize
the roll-on /roll-off concept. The advantages
of roll=on/roli-off are:

- eliminates loading by sling

* guarantees under deck stowage

- saves time and money (no packing required).

Roll~on frol| -off requires ramp space to unload
and load.

T
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Full container ships are being used more and more
because as world wide general cargo trade con-
tinues fo grow so do vessel sizes. Container
vessels are replacing traditional break-bulk
vessels due to their faster loading and unloading
capabilities. Factors limiting the size of con-
tainer vessels are:

* harbor orientation

» shoreside space

* existing distribution systems.

slip wharf with wharf
landing
=L Jeg |
—— Containers
Void
—1+— Qil, fuel
Water
ballast
- J >

[P SRR oty | Syt {

—m e —m e e —— = e b

Container Service of the Atlantic

1970

Source:
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LASH (Lighter Aboard Ship) and SEA BEE are
variations of the containership, These vessels

carry barges instead of containers., The barges T Dy
are actually floating containers which are dis-
tributed to inland waterways, loaded at points

of distribution, then floated inflotillas to shelter-
ed water where they are lifted by ship cranes
onto the deck of the mother vessel ,

Advantages:

* good where barge trade is heavy from in-~
land areas

* could be utilized at developing ports where
little or no facilities exist.

Disadvantages:

* loss of cargo space in mother vessel by
barge proper ‘

* barges and vessel expensive »

* barges do not totally adapt to intermodal Loading Barges Onto Lash Vessel
system .

» require calm water to load barges aboard
vessel '

Dry bulk cargo vessels are expected to grad-
vally increase in size but not as ropidly as
container vessels.

The OBO (Oil-Bulk~Ore) vessels are oriented
in the same direction as tankers; they also
will continue to grow until their draft exceeds
the limits of existing harbors. 1t will then be
necessary to examine new methods of loading
these vessels.
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3.4.3.2 Tankers Incentive for vessel growth has been

In May 1969, 238 tankers, each in excess strongest for crude oil tankers. Increas-
of 150,000 DWT, were under construction ing use of offshore terminals and new

or on order. 50 were in service at that time deep water harbors located away from
and 6 of the 326,000 DWT tankers had also traditional established ports have con-
begun service. In addition to tankers, a tributed to this trend.

146,000 DWT bulk salt carrier and a 157,000

DWT ore-bulk=-oil carrier were under construc- it wﬁ.,
tion. Plans for a 215,000 DWT OBO were 1945 17000 dwt I

under consideration . i
number of vessels 1955 S0 000 dwt
0000000000090 ‘¢‘

owr |S8§EE5EGEEREEEE | wm 1°°°°°dwt
(000) -
10~ 20 . 1966 200000 dwt :
P ot
20- 40 f"@f;// 1968 300 000 dwt
~
40- 60 ~
/ 1970 500000 dwt '
-8 | LA N L Growth in Tanker Size
80-100 // > Factors influencing tanker size:
4 - sharp and continued increase in world
]00_]25( A i petroleum demand
L * increased length of haul from sources
125-150 <\/ of supply to refinery and consumption
'\ centers
150=200 N, * comparative economics of tanker trans-
. portation
200-300 D * technological advances in large vessel
- construction ,
400- |1
Operational constraints of tankers:

Tanker fleet now and projected + serious handling problems in restricted

Source: Port and Harbor Development, A coastal and harbor waters

Problem and An Opportunity * threat of oil pollution caused by vessel

casualities.

Future Concept ~ Submarine Tanker:

Designed to bring oil frem Arctic regions

under the Artic ice-pack to ice free ports, these
tankers could be loaded from undersea termi-
nals while submerged, then unloaded at ice-
free ports by conventional methods.

Tanker loading from floating offshore terminal
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3.4.3.3 Barges

A barge is an unmanned vessel controlled

by another vessel and generally with no load=-
ing or unloading equipment on board. Move~
ment of barges is usually done by tug boat .

< s

Pushing Pulling Attached
Submarine Tank?r (proposed) loading from Methods of barge movement
underwater terminal
Source: General Dynamics
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a2
b
Standard barge types
Deck Barge sizes
inland offshore
a b c a b c
92 26 6 140 30 9
100 26 6.2 {150 ¥ 9.4
100 28 6.2 |160 40 10
100 30 6.6 (200 60 14.6
110 30 7 240 72 14.6
110 30 7.3
120 30 7
120 3 7.3
120 32 7.3
120 34 7.6
125 34 7.6
Qil Barges
a (Ft.) b (ft.) c (ft.) capacity (barrels)
72 24 5 1,200
100 28 6.5 2,600
110 30 7 3,000
120 30 7.3 3,250
139 32 7.5 5,000
150 34 10 6,000
170 40 10 8,700
180 50 10 10,000
205 40 10 11,400
383 68 39.4

120,000

30

~
Seagoing tank barge under tow

Load capacities of seagoing fank barges
range from 25,000 barrels to 165,000
barrels. Tank barges with 240,000 barrels
capacity for products suchas liquid caustic
soda, benzol, toluene, aqua ammonia,
ethylene glycol as well as petroleum pro-
ducts are in the planning stages.

The Alaska Hydro=Train, introduced in
1963, provides a direct rail link between
Seattle and Alaska. The concept is to use
mammoth ocean barges as roll-on /roll~off
vessels capable of handling up to 64 loaded
rail cars with various commodities .



Transocean Barges:

The concept is to develop transocean trans-
portation systems with separable propulsion
units (tugs and barges) to compete with systems
without separable propulsion systems (self-pro-
pelled ships). Ocean barging is a relatively
new mode of large-scale ocean transportation,
originating in the United States and Canada.

Transocean tug-barge system advantages over
self-propelled vessels:
« manning
-+ utilization
+ cargo-handling equipment
- operational flexibility .

" The major disadvantage is that it is a low
speed mode of transportation.

Transocean barge sizes

Container Bufk Break Bulk

Cargo DWT 10,000 30,000 3,500

Length (1) 450 455 252
Beam (ft) 85 105 55
Depth (i) 32 35 18
Draft (1) 16 26 14

Proposed Transocean Container barge with
capacity of 9210 twenty foot containers
Source: Transocean Tug-Barge Systems
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3.5 Cargo Handling

3.5.1 Method

Cargo handling is the preparation, placing
and positioning of goods to facilitate their

movement or storage. The primary objective

is to promote rapid ship turn around. To

accomplish it several factors play an impor-

tant part:

+ planning work in cooperation with ports
and ships before ship actually arrives

- maintaining close coordination between

ship and shore

establishing and quickly implementing

correct unloading procedures

- utilizing ships equipment to maximum

+ having required dock facilities at point
of unloading

- securing required dock crews

* following customs procedures

* ensuring that cargo is properly stowed in
sheds .

Several factors which can increase the effi-
ciency of materials handling:

* increasing size of unit being handled
maximizing equipment efficiency
increasing dock area by using air rights
practicing safety for ship, cargo and
personnel

flexibility in equipment

standardizing equipment and methods of
cargo handling.

.
°

Careful planning of stowage in transit sheds

eliminates duplication of efforts and improves

operation efficiency:
* minimize distance cargo has to move from
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Man-Hours Per 100 Tons

transit shed fo ship == —
pa

N
4

\ minimize

- eliminate traffic con

J:{eliminate

Operation
Palletized Loose Cargo
T
Loading 1 15 0
=nfas
Strapping E E E 4 35 0
Loading 8 50
=
Unloading % —9 9 24
Stowage 9 30
Loading 8 50
Unloading % g 9 24
— Sa
Loading E_l-‘ 37 47
Unloading ; 24 164
| | Loading .9 b 8 54
L
@ Unloading I .9' 9 57

@ Comparison of palletized unit loads with loose
cargo in a typical shipment
Source: Materials Handling




Methods of Cargo Handling by Cargo Types:

A . Heavy and Large Bundles:
- handled on the wharf by forklift or other
equipment with special attachments

* readily loaded or discharged to vessels by
various slings

* confine stowage to machine handling capa-
bilities for optimum efficiency.

B. Unitized and Pre-Palletized Cargo:

* normally handled by forklifts, paper roll
grabs, hydraulic clamping devices or other
attachments for lift trucks as required

* optimum speed attained by machine stowing
cargo up to 8' high permitting easy tiering
with stability and eliminating the need for
dunnage .

C. Loose Packages:

* delivered loose by land transport to transit
shed

* hand-loaded onto pallets ~ moved about shed
for storage or to ship on same pallets

* unloaded by hand labor in the ships hold.
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* promotes an economical transportation
of cargo

* reduces pilferage, damage and labor
handling costs.

D. Containers:

- small items or bulk materials are packed into
larger re~usable containers

* can be transported over land in same con-
tainers as shipped

- large scale container operation requires
special equipment aboard ship or on wharf
(gantry cranes, straddle trucks, etc.)

Stowage of modular units within a container
Source: Container Services of the AHanhc -
1970

Route of typical container transport system
Source: Auckland Harbor Board, New Zealand

1 |
- . 2
Shipper Consignee [
B e PP 9 o ]‘61
! AN
| !
i
Inland inland
+4Clearance Clearance
HiDepot Depot

J/ Terminal Terminal T
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3.5.2 Equipment

E. Roll-on/Roll-off:

This technique requires ships which have side

or end doors through which vehicles may be
driven. For maximum efficiency, a port needs
to be equipped with moveable approach ramps,
such as those used at ferry ships, which are
capable of adjusting to tides and ship sizes.

Cargo Hold /=
BEsmaR ol Cargo Hold

3.5.2.1 Ships Gear
A majority of ship loading is carried out by
ships gear because:

- vessel can discharge goods when unable to
dock at berths

- vessel capabilities are often greater than port
capabilities, especially in developing
countries )

* in case of shoreside power failure, vessel can
unload without being delayed.

Typical cargo vessels from the past are equipped
with a pair of cargo booms over each hatch.
During operation, one is positioned over the
offshore edge of the hatch, the other overhanging
the wharf. Cargo hooks hang from a link to which
both hoisting lines are attached. By joint mani-
pulation of two winches, the operator can drop
the hook into either side of the hold and maneuver
the load vertically or horizontally at high speeds.
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a. Example of two swinging booms doubling up
with a traveling block

b. Example of two swinging booms doubling up
with an equalizing beam
Source: Marine Cargo Operations

New vessels are being constructed with ship
cranes in lieu of conventional ships gear
because:

more effective

manipulate loads over a greater area

. \
* easier to operate \ ! f
* one crane will replace two pairs of cargo

decks are free of rigging
booms .

Ship crane unloading lumber



3.5.2.2 Port Equipment

! mully —_
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Wharfside cranes are used extensively because

of their large area of deposit. These cranes are

generally mounted on tracks. Dock cranes are

grouped into three general categories:

- cantilever - mounted on roof of dock shed

with level luffing jib

semi~-gantry - one set of legs supported by a

rail along the face of a pier shed wall; has

revolving capabilities

. full arch gantry - all legs supported on wheels
with track mounted in apron; has revolving
capabilities.

.
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The standard two wheeled hand trucks and
four wheeled platform trucks remain an
essential tool in material handling, espec-
ially in areas where labor is inexpensive
and the purchase of mechanized units is not
warranted. Both are economical only on

short trips and are frequently used inside
ship holds,

Pa;

z

LET FORX CLAMP L
H SLIP.ON e.pRUM Anses [ ]

REVOLVING CLAMP
Sar WITH FORKS AND SLIP-ON
oWl | 2 DRUM ARMIS

Reproduced by permission of Cascade Corp.

Fork lifts have done more than any other
single device to revolutionize cargo handling
on the wharf. They can pick up unit loads or
palietized loads off the apron, transfer them
to transit sheds and stack them, 16 to 18 feet
high. Fork lifts are considered efficient for
horizontal movement up to 150 feet. They
have attachments enabling them to handle

a myltitude of special cargoes.

Two examples of two wheeled hand trucks:
a. Western style

b. Eastern style

Source: Marine Cargo Operations




Mobile cranes perform a similar function to

that of a fork lift, but they possess a boom

and sling that extends 3 to 4 feet above the

load which does not allow them to stack

material or operate close to the underside

of ceiling structures. The prime advantages

of mobile cranes are:

« better handling of long and awkward
objects

* designed to operate in close quarters

* relatively-small and easy to maneuver.

Tractor trains are used where the distance
between shipside and storage is too great for
the efficient use of fork lifts. This system
consists of tractor drawn trains and low=bed,
small wheeled frucks which are generally
loaded from ship by ships gear and unloaded
by fork lifts.

Straddle carriers were originally developed
for the efficient handling of lumber . They
are now used for items such as lengths of
pipe, steel rails, steel plates, multiple pal~-
fet loads and containers. The load is built
upon bolsters and the carrier runs over it.
The flanges of the hoisting arms are position-
ed under the bolsters and the load is hoisted,
The load can be picked up and released in
30 seconds. It can be gripped to prevent
displacement while traveling up to 35 mph.

Straddle carrier positioning above a container
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Travel loader, or side carrier,is a combina-
tion fork lift and straddle carrier. It has the
ability to carry long lengths and very large
loads. It utilizes its own set of forks.

Overhead monorail systems keep the deck
clear of moving vehicles. They have been
used successfully for many years, but pri=
marily in specialized applications where
only one commodity is continually handled
over a short, fixed route.

Conveyors are used for loading and unload-

ing ships from side ports, trucks, rail cars

and for moving cargo within the wings of a

ship. There are two general types of con-

veyors:

= gravity conveyors - which are wooden or
steel chutes fitted with steel rollers or
wheels; generally used for light loads

* power conveyors = used for various types
of cargo; kinds include endless belt, end=
less pocket or bucket, screw and pneu-
matic elevators or air conveyors.

Portable belt conveyors presently in use
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3.5.2.3 Floating Equipment

Types of pallets
Source: Marine Cargo Operations

Single-face Double-face

A floating pneumatic elevator used for

foading and unloading barges and bulk ships
Source: Materials Handling

Stevedore Single-wing

Pallets are double platforms separated a ——
few inches by batten strips to permit the - I
insertion of fork lift forks. The top plat- . 1
form supports the load and the bottom one .
provides a flat surface for stacking. Gen- {‘ < e 1\
erally pallets are of wood construction . p i — \

Pneumatic or vacuum pumps are used in ‘
handling bulk commodities such as oil and / L S \
grains. These are incorporated in grain p ‘J < \
elevators, oil tanks and floating grain ey s T AN "o\

elevators. The cargo is discharged from '==‘ NS
the ship by flexible pipes inserted into
the hold.

Pinwheel
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A tug boat's primary job is to meet ships at
the harbor entrance and guide them to the
berth., Tugs push or pull the ship into a cor-
rect course to speed up the docking proce-
dure. The movement of barges and many
items of floating equipment are provided by
tug power . Generally tugs are privately
owned and are contracted for service.

Floating drydocks can be used as graving

docks. By flooding tanks which form part

of its hull, it can be submerged to a sufficient

depth to allow ships to be floated into it.

When the ship is in position the dock is

pumped dry, leaving the ship sitting on

blocks. Advantages of floating dry docks:

+ do not require space on land

+ can be relocated

« can be altered to meet increasing ship
size

* does not affect main stream of traffic .,

Dredges are the means by which harbors
and channels are deepened or maintained.

Examples of types of dredges:

1. grab dredges

2. cutter suction dredges

3. cutter suction dredges

4. trailing suction dredges.
Source: Costain - Blankevoot Int'l .
Dredging Co. Ltd.

o )

2 . B P

Grab dredger at Port of New Orleans
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Fire boats are used to combat fires aboard
ships and on piers, wharfs and water-
front facilities in support of land based
fire fighting equipment.
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"Lod brok" largest floating crane in the Port
of Stockholm, has a maximum liffing power of
260 tons and maximum lifting height of 35
meters. It contains its own propulsion ma=-
chinery with a speed of 5 knots.

Source: Port of Stockholm, Sweden

Floating cranes have become a standard faci-
lity in most modern ports. They have several
- advantages over land=based cranes:
- self propelled or hauled by tugs
- easily moved to site of lift
» can serve other functions besides ship
loading .

3.6 Labor 41

3.6.1 Type

The primary function of labor is to assist vessel
loading and unloading. Labor is involved in the
transfer of cargo from transportation mode to
storage and vise versa. It is their endeavor to
move cargo as fast, safe and efficient as possible
to aid vessel turnaround time.

3.6.1.1 Casual Employment

In port personnel, there is a line between ap-
pointed staff and casual labor, the former gen-
erally being employed regularly and paid a fixed
salary and the latter hired as needed on a per
hour per day basis or on a performance basis
measured by physical units of cargo handled.

Waterfront employment is casual in nature because

it is dependent upon the time a ship in in port.

Due to ship schedule fluctuations the following

fist of problem areas occur:

- 1t is difficult to maintain a regular work farce

* It is difficult for dock worker to anticipate
increase due to irregular work periods

* Problem in establishing an employee /employer
relationship because labor is hired by multiple
employers for short duration

* 1t is difficult for labor to plan activities ahead
due to ship schedule fluctuations and long
working hours when ship is in port

* Dock work is generally hard, unpleasant and
subject to changing weather conditions.



3.6.2 Structure / Organization

The port labor force is organized in a closed
shop structure composed of registered dock
workers. A laborer generally will not be em-
ployed unless he is registered with a local board
run by the union. The union serves as an agent
for port labor. They obtain jobs from em-
ployers (stevedores) and distribute them among
the membership. The union maintains and
controls the size of the permanent registered
dock worker supply .

The union negotiates contracts, stipulating
base rates of pay, overtime periods and.
numerous working conditions, including
grievances and disciplinary procedures. The
union is charged with administration of sums
provided by employers for labor welfare
amenities as well as for minimal job train-
ing programs.

shipping
company

labor force

por
authority

union :
AN .
emplcgeu:
stevedoring company e
— demand

supply of labor
supply of equipment
- supply of facilities

Network used to get dock labor for a vessel
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total
port
registr

port
quota

attpn

regulars

:Iirregulars

Comparison of 8 Australian ports (1965) of
percent of labor force ; Also compares the
regular vs. irregular percent of total regis-

tered labor force

Source: Sea Gateway of Australia




3.6.3 Occupational Structure

The estimated major difference in the occupa-
tional structure between the ports, transport
industry and the labor force as a whole is in
the percentage of unskilled labor employed.

5.6% Proprietors managers 5 3.6%
17.0% clerical 11.2%
1.2%
3.3% professional and
technical
semi-skilled and
73.2% . other manual 849,
(including regis-
tered dock workers)
National Port
labor labor
force force

Occupational structure of port transport in=-
dustry compared with British industry as a
whole

Source: British National Ports Council

According to the above chart, it can be assum-
ed that the occupations in the upper one/third
of the charts will tend to increase in the port
industry to match the national labor force.
However, the projection of port labor over
the next twenty years indicates that the pro-
portion of labor will remain relatively con-
stant,

A breakdown of percentages of people per-
manently employed in 11 major British

ports indicated that 50% of the total labor
force are registered dock workers and the
remaining 50% are made up of operational
staff such as: shunters, lockmen, launchmen,
watchmen and maintenance personnel, etc.
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3.6.4 Age

According to a 1968 census, dock labor has
remained fairly constant. Recruitment has
compensated for vacancies, but an inbalance
may be created if:

- a move from manual skills to highly skilled
and professionally trained labor comes about
which will generate a retraining problem for
present personnel

. recruitment does not balance vacancies

« cargo handling methods change .

The dock labor force is substantially older
than other industries. There is a much smaller
proportion of young employees and nearly
double the national proportion of men over
the age of 64. It is becoming apparent that
the age structure of the industries labor force
will present serious replacement and recryit~
ment problems just to maintain present condi-
tions,

(%)
AN
90N\
0
i N
70 R

60 N

management

50 \ regd . dock workers
other personnel
40 Y supervisory/
management
30
20
10
0
S R R @ &
2 g & & B

Estimated percent reduction import labor
force through retirement only
Source: British National Ports Council



44

3.6.5 Mechanization
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A comparison of age structure
Source: British National Ports Council
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From the above chart two conclusions can be

determined:

* when bulk cargo is handled by labor,the dock
workers are responsible for only 50% of the
turn around rate of vessels in a port; the other
50% can usually be attributed to waiting on
facilities ( :

* when labor is engaged in handling non-bulk
cargo the workers are almost solely responsi-
ble for the turn around rate of vessels in port.



The following figure compares the efficiency
in a loading and discharging operation over
an 8 hour shift for three different cargo types.
It becomes obvious that efficiency of cargo
handling in terms of tons per man increases
with the level of mechanization employed.

{Ton)
4000
3000

2000
1000

0 20 40 60 80 100 (pers)

Source: British National Ports Council

Port development is turning more and more
to mechanized systems of cargo handling
which is creating a great deal of concern
in port labor forces, They fear elimination
of the demand for port labor. But there are

advantages for port labor as well; systems will:

- create the need for skilled workmen
* create specialized tasks demanding higher
pay scales
+ eliminate much of the unpleasant factors
of dock work.
%
110

100 é

Ton/hour
/ Cost/hour
= ]

3 Cost/Ton

20

1966
1967
1968
1969

Source: Pacific Maritime Association
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3.6.6 Safety

Dock work is a hazardous occupation, Much

attention has to be focused on safety. It is

important that labor and management work

carefully together to eliminate conditions or

practices conducive to accidents. The follow-

ing are minimums for the reduction of accidents:

+ establish new injury classifications for statis-
tical and control purposes

* introduction of newly developed, safe
mechanical aids

* extensive training in accident prevention

* adequate lighting for night work

* first aid facilities

* periodic medical examinations for workers

* frequent inspection of winches and mechan-
ical equipment

* proper ventilation of enclosed spaces to keep
carbon monoxide below .01%

* strict observance and application of pre-
vailing rules and regulations concerning fire,
intoxication, hazardous areas, etc.
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Reported accidents and fatalities at the docks
of the British Port Industry

Source: British Ministry of Transport




3.6.7 Work Hours

The regular work hours during which basic pay
is earned are generally fixed. But it is often
difficult to match ship discharge and loading
operations to regular working shifts. In order
to accomplish prompt dispatch of ships and
maximize shore efforts, work beyond normal
hours is often required.

3.6.7.1 Overtime

This is the most common method for extending

normal working hours. Disadvantages of

overtime:

+ physical exhaustion of labor force due to
long and hard hours

« reduced output of tired labor increases
cost per ton of cargo handled

* accident potential increases

Advantages:
* ‘more money for labor .

3.6.7.2 Shift

This is an incentive method for ports that
permits higher utilization of port facilities,
reduces the need for capital expenditures,
and facilitates more rapid turnover of ships.

Disadvantages of shift method:

- requires increase in the number of register-
ed dock workers which creates an unecono-
mical increase in pensionable staff

» shifts conflict with maintenance and repair
work of port equipment which is generally
carried on during non-working hours .
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3.6.8 Wages

The wages paid to the dock worker are usually

paid upon either an hourly basis or on piece

rate; paid per ton, sack, bale or other unit of

measurement . The hourly system is usually

based upon an agreed hour related to the work-

ing unit. Three rates apply depending on time

involved:

- standard time (regular rate)

- overtime (usually 50% higher than standard
time)

* double time (double standard time rate).

Piece rates are generally most useful in stimu-
lating output when applied to a consistent
volume of standardized cargo. To achieve the
most effective use of the unit rate, it must be
classified according to the following conditions:
- weight

» stowage conditions

* handling procedures

» condition of cargo (hazardous, sticky, cracked).



3.6.9 Amenities and Welfare

In but a few ports do adequate amenities
for dock labor exist . The facilities pro-
vided should include:

- sanitary accommodations

- washing facilities and changing rooms
- eating facilities

- first aid facilities.

Labor does not qualify for the financial
security measures provided by the port
authorities for appointed staff, however,
the labor unions have undertaken to com-
pensate members by providing fringe bene-
fit payments. In recent years, pension
plans have been introduced together with
planned compulsory retirement .
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3.6.10 Manpower

Many schemes and plans have been initiated

in an attempt to solve labor problems, enhance

dock worker status and increase the efficiency

of dock labor. Decasualization is a scheme

with many favorable merits:

- reduction of fluctuation of employment by
reducing the number of labor contractors

* increase security of employment by pro-
viding a steady income level

* increase the efficiency of employees

- provide a way to control the number of
employees in a port.,



3.6.11 Training

The objective of a training program is to esta-

blish a permanent, qualified labor force capa-

ble of handling multiple situations. This is

achieved by:

* understanding mechanization procedures

+ stimulating pride in workmanship

* promoting safety and team work

* introducing an apprentice program with suf-
ficient salary to recruit (young) trainee
workers

+ establishing performance criteria to evaluate
workers .

Existing training programs have two levels:
basic and advanced. The basic training program
is composed of practical and theoretical sessions
involving familiarization with the harbor, with
procedures in the arrival and departure of vessels,
with ship layout, the nature of port business,
cargo gear, machinery, safety, first aid and
with hygiene. Practical instructions are given
in lifting, hoisting, tallying, shed and cargo
work , stowage and dunnaging of goods in
vessels, driving fork lifts and handling of bulk
cargoes . This program is offered to selected
staff and employees involved in:
* loading and unloading which requires the
knowledge of the operation of not only
mechanical lifts but transport equipment
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- supervision so they can understand how to
read ship stowage plans and cargo place-
ment in transit sheds and warehouses, proper
tallying and record keeping, as well as organi-
zing labor gangs

+ crews involved in mamfenance of port
equipment, structures and facilities.

Advanced training is offered for tally men and
weighers to qualify them for certification as a
weigher and measurer. Advanced training may
be offered to supervisors and checkers. This
level is primarily theoretical designed for

the general education level of the trainees.

Some ports have attempted to introduce teenage
students into apprenticeship programs where
they receive part-time instruction, general
education, on a partly paid basis .

Problems connected with training programs:

« recruitment of qualified instructors

* provision of adequate training facilities

* attitude of older workers towards education
process.

A suggested pattern for manpower planning

as well Source: British National Ports Council
THE
I Nati.nal Forecas:sL J MANPOWER PLAN
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objectives Future external labor supply
MDF’ by occupational \L
groue c are supply and demand
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and gsta ﬂ Training/
N ___) —_— Retraining
MSF by occupational
group
Redeployment/
Analysis of existing labor 'ﬁ Redu:dancy/
force Retirement
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Supporting industries are natural products - abrasives plant - mineral wool insulation plant
of ports. They use the raw materials accessible - basic oxygen steel plant and hot rolling mill
at a port and utilize the transportation modes - steel pipe plant

for distribution of their products. Many in- + aluminum reduction plant
dustries need waterfront locations because of:  « aluminum rolling and drawing mill
. availability of barge service « metal cans plant, hardware plant
- considerable amounts of water - - valves and pipefittings plant, metal stampings
- waste disposal plant
+ imported raw materials + marine and traction diesel engine plant
« close proximity to primary economical + tractor and farm equipment plant

transportation for foreign markets . * oilfield machinery and equipment plant

‘ v * bulldozer and crane plant

Industry is selected for location at a port * pump and compressor plant, refrigeration and
based on "desirability criteria™: air conditioning plant
« environmental capability * electrical motor and generator plant
* employment density _ « electrical controls plant
+ demonstrated growth, locally and * truck and bus bodies plant

nationally * truck trailors plant
- potential for generating port cargo. * shipyard, boat building and repair plant

* railroad car plant

Criteria for industry to locate at ports are: * trailer coach plant.
+ proximity to local and export markets ‘
+ availability of labor B. Marine Related Industry:
> availability of ship, rail, barge and * boats, amphibious vehicles

truck transportation * marine and land geophysical survey
+ proximity to production materials ° oceanic instrumentation manufacturers
» availability of low cost utilities (water, * tug and barge transport

power and fuel) * drilling rigs and associated equipment manu-
+ availability of special port services. facturer

* marine construction
The following selected examples indicate the  * ship brokers and chartering

wide cross section of supporting industries at * electronic equipment fabricators and manu-
a typical port: facturers.
* fishing
A . General Industry: * tourist and recreation
* sugar refinery * develop and manufacture heavy duty main=
* pulp and paper mill tenance coatings
» corrugated shipping container plant * chemical recovery from seawater
» methanol plant : * pipe manufacturer
* butyl rubber plant * ship building
* mixed fertilizer plont * diving and salvage
* plastic products plant * ship repair
* flat glass plant * oyster shell
» portland cement plant * concrete manufacture
* clay soil pipe plant * sales and service of marine craft

- engineering, manufacturing, equipment and
vehicles.



3.8 Safety

3.8.1 Types of Fires

3.8.1.1 Class A

Fires in ordinary combustible materials such as
mattresses, dunnage, piles of wood and shav~-
ings, canvas, etc. These fires are best ex-
tinguished by the quenching and cooling effects
of quantities of water or water fog.

3.8.1.2 Class B

Fires in substances like gasoline, oil, diesel
oil , lubricating oil, tar, grease, etc. This
type of fire requires a blanketing or smother-
ing effect produced by an extinguishing agent .

3.8.1.3 Class C

Fires in live electrical equipment such as
switch board insulation, transformer terminals,
etc. The extinguishing agent must be non-
conductive to eliminate the hazard of electrical
shock to the fire fighter.

3.8.1.4 Class D
Fires in combustible metals such as magnesium,
sodium, titanium, lithium, efc.
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3.8.2 Firefighting Agents

3.8.2.1 Fire Main System

The fire main system aboard a vessel is a
system of permanent piping which receives
water pumped from the sea and delivers it

to fire hydrants strategically located through-
out the ship.

Fire hydrant - outside station

3.8.2.2 Water

Water as a cooling agent is the most common
method of fighting fires. Generally water is
superior to other agents and is usually avail-
able in ample quantities at low cost. Water,
in the form of fog, has the greatest capacity
for heat absorption of all the extinguishing
agents presently in use. Fog also has the capa-
bility to dilute combustible vapors as the fog
turns to steam by the heat of the fire. It also
forces air away from the fire , thereby removing
the oxygen needed to support combustion,

3.8.2.3 Foam

Foam is an effective agent for Class B fires and
some Class A fires. Foam has a few disadvan-
tages, namely: it conducts electricity, it's not
always effective on flowing liquids and it's not
effce’cﬂve at extremely low temperatures (under
10°F.).




Operation of mechanical foam pickup unit

Foam for fire-extinguishing purposes onboard
tank vessels is of two types: chemical and
mechanical . The characteristic difference is
in the equipment for producing the foam. The
nozzel used for mechanical foam adds air fo
the chemical bearing stream after the chemi-
cals have been dissolved in it, whereas the
nozzle for chemical foam does not add air.

3.8.2.4 Carbon Dioxide (CO2)

This agent is an excellent smothering agent
for extinguishing Class B and C fires in lo-
cations where it can not be widely diffused
or, if the fire is beyond the incipient stage,
where it is not blown away by drafts. Carbon
dioxide is most effective when applied in an
area where it will remain as a cover long
enough to reduce the oxygen level below the
point of combustion. (Caution - if oxygen is
made available to fires extinguished by CO»
it is possible to rekindle them,)
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3.8.2.5 Steam

The steam smothering system is one of the oldest
types of fire-fighting methods used aboard tank
vessels, lts primary purpose is to smother fires
in enclosed or confined spaces. Steam also
cools the fire and dilutes vapor-air mixtures to
a point below combustion. This system is not
installed on vessels constructed today .

3.8.2.6 Dry Chemical

Dry chemical extinguishers are effective on

all Class Band C fires. On Class C fires,the

residue, a powder, renders electrical contacts

and relays inoperative which is a minor dis-~

advantage. However, there are several ad-

vantages the dry chemical has over CO2:

-+ greater range

* stream provides excellent shield for the
fire-fighter.

30 pound" dry chemical extinguisher
(sectional view)



3.8.3 Fire Prevention

Major areas of concern contributing to the
difficulties of fire fighting in marine facili-
ties are:
large undivided areas of transit sheds and
warehouses
inaccessibility of piers to fire fighting team
- the variation in types of quantities of
cargoes stored .

The following items are presently used in the

prevention of fires:

* marine terminals constructed of incombust=-
ible materials {desirable fire resistive con-
struction)

* pier and wharf substructure of incombustible
material

* dock openings for hose nozzles to substruc-
tures or sprinkler system

* fire=stops and fire-walls

* storage structures with sprinkler systems
and standpipe systems

* interior fire alarm boxes provided at Standard
Insurance Underwriters specified minimum

* spacing for use by pier personnel

* ready access to site by local fire department .

View of typical warehouse location of fire
extinauishers
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3.8.4 Medical

General practices required for safe operation

concerning dock personnel:

+ care and maintenance of cargo handling

"~ equipment

* use of proper handling gear

* maintaining high degree of light without
glare

° clear understandable work assignments

* constant awareness of safe procedures,

3.8.4.1 Medical Centers
Some major ports provide medical centers for
maritime personnel. Generally these centers
are used for people involved in international
shnppmg . They provide:
presign-on physical examinations
* diagnosis and treatment at clinic
* ambulance service
* innoculations
* ship calls to administer treatment
inventory of medical stores aboard ship
* personnel to treat victims of accidents
on the open sea.

3.8.4.2 Quarantine Regulations

Quarantine regulations are necessary to pre-
vent the spread of an infectious disease from

an incoming vessel to the country in which

the port is located. Most national regulations
are based on the International Sanitary Con-
vention with reference to the following diseases:
plague, yellow fever, cholera, smallpox (Variola
major) and alastrim (Variola minor), typhus fever
(Exanthematic) and febris reccurrens (relapsing
fever). If there is a patient suffering from any
infectious disease on ship, or if a member of the
crew or passenger has suffered or died in conse-
quence of an infectious disease, the master of
the vessel is obliged to inform the harbor master
of the port of entry. The vessel will be kept
out of communication with shore or craft until
necessary measures have been taken by health
officials.



3.8.5 Navigation Aids

Navigation aids function to warn vessels
of hidden dangers and to provide direction
in safe waters. The types of aids vary with
the waterways and the functions they serve.

There are two basic types of navigational

aids , floating and fixed, which include:

* floating buoys

* fixed structure channel markers

* navigational lights on piers, wharves
and dolphins

+ fixed-structure light beacons on shore
and breakwaters

* lighthouses

* light ships

* range light installations on framed struc-
tures on shore .

Lighted Buoy Spar Buoy Lighted Buoy with
Radar Reflector

| woory

Nun Buoy Can Buoy Spherical Buoy

Selected buoy types
Source: Design and Construction of Ports
and Marine Sfructures
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Fixed structure channel markers possess:
+ lights

* anchored to bottom

* radar reflectors,

Fixed-structure beacon lights are located on
projecting ends of breakwaters and on the salient
points of land projecting into the navigational
waters at harbor entrances.

Lighthouses are tower structures (fixed) with
marine beacons lights, fog signals, sound de-
vices and radio stations. They are located
on points along the shore to guide vessels
safely to port and require durable structure to
withstand heavy wave action. Lighthouses
require long visibility to be effective.

Light ships serve the same functions as light
houses and may be manned or unmanned.

Radar light installations are used to guide
shipping through hazardous, narrow or
twisting port entrances and channels. The
structure is generally a metal frame with

a unidirectional marine range light lantern
on top. They are powered by shore electricity .
Critical factors include the distance between
lights, the height of the lights and the
candle-light sensitivity of the light.



Radar reflectors reflect an echo back to
the transmitting vessel to warn ships of
their presence or to mark a particular
location,

Properties of marine beacon - light lanterns:

- type of lanterns

- type of lenses

+ sun-controlled switches

* flasher mechanisms

* automatic lamp changes.,

International buoyage system

Source: The Port Management of Amsterdam
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3.8.6 Marine Safety

Some of the worst ship accidents have oc-
curred in harbors or inland waterways . The
causes have been attributed to poor vessel
design, improper maintenance, over-load-
ing, poor navigation, weather and bad
judgement on the part of the ships officers,
The majority of these, after careful analysis,
were found to have been preventable.

The Coast Guard is concerned with merchant
marine safety, aids to navigation, search
and rescue.

The Merchant Marine inspection office has
the task of inspecting ship construction and -
structural alterations from the drawing board
to actual launching. They also inspect cargo
handling equipment, life boats and other
safety equipment aboard ship.

The captain of a port's own vessel is charged
with the responsibility of inspecting vessels
and waterfront facilities for proper stowage
of dangerous cargo . His personnel provide
supervision of the loading of explosives and
radioactive materials. They then provide
escort away from the port proper.

Port warehouse fire
Reproduced by permission of U.S. Coast Guard
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3.9.1 Obiectives

Ports usually do not have any direct stimulus
other than their financial performance and
therefore must establish goals in financial
terms. They must take into account statutory
obligations and other special circumstances
appropriated to the individual port,

The Rochdale Committee of England establish-
ed several financial objectives that a port
should attempt to achieve:
* depreciation at replacement cost
* working expenses
* interest on loans
* taxation
* a reserve to meet contingencies to assist
in financing minor improvements.,

If financial objectives are not met then pro-

blems arise for ports such as:

* insufficient resources available to modern-
ize and develop as required

* cannot combat trade pattern fluctuations

* cannot offset high cost of labor with the
economics of mechanization

* replacement costs exceed original costs
and differences have not been properly
prepared for

- new loans at higher interest replace old
loans at much lower interest rates

* premature obsolescence of port facilities
brought about by advanced ship and trans-
portation technology .



3.9.2 Revenue

3.9.2.1 Charges

Charges are designed to insure enough revenue
to meet the financial objectives of the port.
They should be based on the need of a port
with respect fo the particular services the port

provides.

A difficult problem in determining a standard
charge structure based on cost, arises from the
variations of unit costs at different cost centers
offering similar facilities to users. The fol -
lowing chart indicates the percentage varia-
tion in the charge level of major English ports.

®

On a ship of 6,250 n.r.t. and its cargo of
15,000 tons of iron ore from Norway

Cn a ship of 3,750 n.c.t. and its cargo of
4,000 tons of wheat from Conado

On a ship of 1,050 n.r.t, and its cargo of
2,000 tons of softwood from the Baltic

®

On an import consignment of 100 tons of
wool

®

On an import consignment of 50 tons of
canned goods

®

On an import consignmenl of 40 tons of
coffee

9]

On on export consignment of 50 tans of
steel tubes

eO[:::::zzr;l'lreconsigwnenl of 20 rons of
@ v?:i:kr; expart consigament of 5 tons of
® @@ @EEO®®
Source: British Ministry of Transporl'

- In assessing charges in a new facility which

is in the building up stage of its development
and has not established itself, it would be pro-
hibitive to calculate charges based on actual
costs. In this case,charges are usually based

on estimated average cost,

‘This type of charge

requires a continual review in-order to avoid

undercharging .

Port operating revenues are generally derived

from:
- charges against vessels
» charges against cargo

- rental of space within port limits
> passenger dues where applicable
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* charges for handling
» charges for other services and facilities.

Dues on vessels consist of harbor dues, sovereign-
ty, and stay within the port area, as well as
dockage charges (wharf, buoys, anchorage),
pilotage, towage, mooring, line handling,

etc. Dues are charged to a ship owner on the
basis of the net registered tonnage of the ship
with respect to these variables:

* nature of voyage

* reason for anchorage (storm, repair, etc J.

Dues on goods are more commonly referred to

as port rates, dock rates, wharfage rates, quay
rates, etc. They are levied on all goods ship-
ped or received at port and are chargeable based
on unit weight, volume or number. Dues are

paid to the port authority .

To apportion charges between vessel and cargo

is a difficult task. In practice, charges are

usually based upon one or the other, separately .

Vessel charge:
- waterway and berthing areas

- 50% of open wharfs and included land

* aprons

+ all of land supporting aprons and 50% of land
supporting aprons with tracks

- aisle space within the shed used by vessel or
its agents in receiving cargo or delivering it to
a point of storage, together with a proportionate
share of the supporting land

* services covered by "Service Charge"

office and other space used by vessels clerlcal

forces.

Cargo charges:

* all land not previously covered

* all trackage and its supporting structure

> 50% of open wharfs

* aisle space not covered in vessel charge

* all cargo areas within sheds

* all other trackage, roadway, etc.

* any services rendered for the benefit of cargo.



dockage

——wharfage

services—

....... -l __storage
~—~demurrage

pilotage

__ assessed charges,
preferential

wharf /shed revenue

—land

rental—

warehouses bldg. rental
==-===i/ warehouses
<£railwcy, permits, misc,
—oil royalties

others

pipeline & facilities & bldg.

Port of Los Angeles Income Distribution 1969
Source: Port of Los Angeles, California

cargo areas aprons

wharfage &
dockage

l:l cost of

o/o charged to

Source: American Association of Port
Authorities
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Charges for other services and facilities cover
a wide range of items such as cranes, grabs,
weighing machine, graving docks, supply of
fresh water, warehousing, electricity, fuel,
etc.

There has been a good deal of talk concern-
ing standardization of port charges, but each
port has its own inherent problems that make
such charges difficult to ascertain .

Percent distribution of 1965/64 Revenue

bst &

e, 11%

Wet Docks
459,

Land and

Buildings 10%

Percent distribution of 1965/66 Expenditure

iscellaneous

Operation repair,
-maintenance
renewals
replacement

32%

Source: Port of Bombay, India
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4.1 Design and Construction

411 Decision

Factors affecting the decision to build a port:

4.1.1.1 Need and Economic Justification
* to serve a growing inland metropolis
* to serve as a shipping terminal for private

industry

- to serve as a military terminal or naval

base .

A private port will have to show economic
feasibility whereas a municipal or military
port will tend to grow out of necessity .

4.1.1.2 Traffic Volume

A survey of anticipated future commerce
(type and quantity) will be required for muni-
cipal ports. A private port must have a guar-

anteed tonnage .

4.1.1.3 Inland Communication

The inland transportation routes require study
to determine feasible locations for road, rail,
water and airways to service the port.

Factors Economic Need
Trade/Commerce

inland Communication
Variables Decision

Location/Port

Proximity

Other Ports

National Boundaries

Development

Urbanization

Industries

Military Bases

Highways

Railroads

Waterways

Volume

Tonnage

® Direct
0 Indirect

Decision Matrix
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4.1.2 Preliminary

After establishing the general requirements

for a port it is necessary to make a preliminary
site study supplemented with cost estimate
based on assumptions that will require verifi~
cation in the final analysis.

4.1.2.1 Preliminary Site Information
Information from several proposed sites to be
compared will be derived from:
Marine Data:

. depth of water

. general character of bottom

- range of tides and current
Meteorological Data:

- wind

- femperature

+ rainfall

Topographical Data:

- shoals

- reefs

- mouths of rivers

- shore line

Geographical Information:

- depth and presence of rock

+ depth of overburden

- soils.

4.,1.2.2 Selection Criteria

The following factors will play an important

role in the final selection:

+ amount of dredging (minimize)

* most favorable bottom conditions

° most suitable shore area for terminal develop-
ment

+ transportation accessibility

« development future of area

* depth of water

* exposure of coast

* orienfation.,

In areas where tide is 2 to 3 feet, the adjacent
land area should be approximately 15 to 20 feet
higher. If tides are higher or the area is subject
to tidal waves, then even higher elevation is
desirable. River locations where flood conditions
exist may require higher elevation also.



4.1.2.3 Harbor Layout Considerations
Harbor and turning basin

Berthing and anchor area
Breakwaters

Entrance and exit
Channel and harbor depth

Installations, facilities and services.

mTmoAw >

A. Harbor and turning basin - The size and
shape of harbors are determined by:

* number of ships anticipated

* size of ships

* type of cargo

* tonnage of cargo

* services to be provided

* existing site conditions

- will tugs be utilized to assist maneuvering.

Unless the harbor is natural, the size of the
harbor will be minimized to safe and reason-
able operational dimensions. A minimum harbor
area is the space required for docks plus a turn-
ing basin. The larger the harbor the greater the
opportunity for wave generation by wind.

B. Berthing and anchor area =~ In general, winds
and currents are more of a problem when dock-
ing a vessel that is empty, than small waves
generated in a harbor. For comfortable berthing,
wave height should not exceed 2 feet nor wind
velocity 15 mph.

In handling bulk cargo, wave height up to 4
feet is permissable, provided there is wind
protection ,

The anchor area should provide:
+ protection from weather

* waiting area for ships

* turn around area for ships.

C. Breakwaters - The location and extent of

breakwaters are determined by:

* direction of maximum waves

* configuration of shoreline

+ minimum size of harbor required for anti-
cipated traffic.
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The selection of the type of breakwater depends
on: '

* direction of maximum wave

» the effectiveness of quieting waves.

Basic breakwater configurations:

two arms plus single parallel

single arm where wave is mainly unidirectional

3 N

converging two arms

R N

overlapping two arms

D. Entrance and exit - The purpose of the
entrance is to provide a safe navigational access
to the harbor and prevent tides and currents.

In designing an entrance, careful consideration
should be given to reduction of wave height
within the port. It is preferable to locate the
entrance on the lee side of the harbor. In cases
where the entrance must be located on the wind=
ward end, the breakwater must overlap. It is
also desirable to have an exit to each harbor.




The Stevenson equation computes the height
of a reduced wave at any point in the harbor
as a result of the entrance . All dimensions

are in feet.

4
hp=H[%*D.O2 D (1+J§ ) }

height of reduced wave at any point
in the harbor

height of wave at the entrance
breadth of entrance

= breadth of harbor at point p
distance from entrance to point of
observation

hp

O WU I
non

vl ]

B AAAA A

The type of entrance depends upon:
- depth of water

* size of harbor

* ship characteristics.

Three basic harbor entrance sizes are:

+ small harbor entrance = 300 feet

* medium harbor entrance = 400-500 feet
» large harbor entrance - 500-800 feet .

E. Channel and harbor depth - These depths
should permit navigation at low tide when a
ship is fully loaded. (Surge of a ship is cal~
culated at one half maximum wave height .)

Depth factors:
+ bottom conditions
* the maximum wave height.

When waves in a harbor do not exceed 2 feet,
a depth of surge plus 4 feet is required for a
soft bottom. For a hard bottom, a surge plus
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6 feet is required. In areas where ships ar-
rive empty and leave loaded,two depths of
channel could be provided.

In the past, the loaded draft of ships has been

limited to not over 40 feet so as not to exceed

the principal harbor and channel depths of the

ma jor world ports, The current trend in deep

draft vessels is presently being handled by:

* use of submarine lines with offshore anchor-
age in deep water

* lightening by transferring part of the load
to another vessel then finishing loading in
deep water

* construction of special deep water terminals,

F. Installations, facilities and services -
» shore facilities for marine terminals
"+ docks - The number of docks vary according
to the anticipated number of vessels, loading
time involved and cargo types.

The Elements that determine dock types are:

+ special requirements or local customs and
practices

* site conditions

* availability of materials

- permanency of construction

* economy of construction

* size and weight of ships using port
method of construction (time factor).

Dredging may not be done until docks are built.
Wharfs and piers should be located in the most
sheltered part of the harbor and along the lee
side of the breakwaters.,



62

Examples of harbor layouts:

small artificial harbor

A small harbor with a single pier and turning
basin and a long approach channel from the
open sea. This harbor requires the minimum
amount of space and can accommodate two
vessels, The artificial harbor is constructed
by dredging a channel through the shallow
water protected by natural barriers (off-shore
reefs, islands, etc.) and enlarging the in-
shore and to provide a minimum harbor. To
eliminate backing out of the harbor a vessel
must warp itself around the end of a pier.

an artificial harbor restricted in area

An artificial harbor restricted in area because
of deep water. The prevailing wind and waves
are from one direction, and smooth water is
obtained in the harbor by using a curved break-
water parallel to the shore and connected at
one end. Due to a rapid increase in the depth
of water off the shore, it is necessary to restrict
the width of the harbor and use of breakwater
pier or wharf type construction. Two warping
dolphins are used to turn a ship for exiting.,

An artificial harbor of medium size with separ-
ate openings for entering and leaving. This type

A wharl & -~ of harbor is less restricted and generally long and
. . \ narrow with openings at each end which provide
/ Q N yd N \ the opportunity to establish a one way traffic
: ( \dou}l/s \ parferrj for vessels. Alfo. provided near the break-
] e . e . . water is a place for waiting vessels to anchor.
breakwater

entrance

waves wind exit
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medium size artificial harbor with turning
basin )
A medium size artificial harbor with a full waves  wind
turning basin, protected by two breakwater
arms. The radius of the turning basin is entrance
twice the length of the largest anticipated
vessel . (This is the smallest radius a ship
can comfortably turn on, under continuous

headway without the assistance of a tug.)

turnlng circle :
\. /
Ny /

sllps

IIIllI

large artificial harbor
A very large artificial harbor with anch-
orage area, several berths, turning basin entrance \<\

and several service facilities.

waves wind

AN
7\
| )

d———
breakwater + turning circle / anchorage
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4.1.3 Site Investigation

Prior to initiating the final design phase

it is necessary to obtain detailed site in-

formation which will consist of:

A. Hydrographic survey of harbor and
channel area

B. Topographic survey of marine terminal
area

C. Soil survey and analysis

D. Tide and current observation

E . Miscellaneous (meteorological,
logical,

geo-
etc.).

A. Hydrographic survey is to determine:

- elevation of the body of water in question
* location of shoreland during high and low
water

* location and size of submerged obstacles.

B. Topographic survey is required where all
proposed structures will be,

C. Soil survey and analysis consists of pene~-
tration below water level to an area of rock
or suitable bearing strata that will support pile
or caisson foundations. Generally penetrations
of about forty feet into firm material will in-
sure adequate support for marine structures.
Soil analysis includes:

* soil classification
* water content determination
* specific gravity determination
* void ratio
* unconfined compression test (cohesiveness

and shear)

* triosial shear test
* consolidation tests (settlement).

D. Tide and current observations determine:
» general direction
« velocity in currents
+ average intervals between successive high
tides
- range of tides which depend upon:
secondary tidal waves
depth of water
configuration of coast .
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Tidal Ranges for Selected Major World Ports

Mean Spring

range range
Anchorage, Alaska 26.8 29.6
Antwerp, Belgium 15,7 17.8
Bilbao, Spain 2.0 11.8
Bombay, India 8.7 11.8
Boston, Mass, ?.5 11,0
Buenos Aires, Argentina 2,2 2.4
Callao, Peru 1.8 2.4
Canal Zone, Atlantic side 0.7 1.1
Canal Zone, Pacific side 12,6 16,4
Capetown, Union of South
Africa 3.8 5,2
Cherbourg, France 13.0 18,0
Dakar, Africa . 3.3 4.4
Galveston, Tex, 1.0 1.4
Genoa, ltaly 0.6 0.8
Homburg, Germany 7.6 8,1
Havana, Cuba 1.0 1.2 -
Hong Kong, China 3.1 5.3
Honolulu, Howaii 1.2 1.9
La Guaira, Venezuela ... 10.8
Liverpool, England 21,2 27.1

E. Miscellaneous information concerning:
winds

. waves

. earthquakes

. availability and cost of materials

. labor .

local ordinances and building codes.

wmd

Beaufort L Vel?C|fy,
Description miles
number
per hour

0 Calm 0-1

1 Lightair _______ 1-3

2 Slight breeze 4-7

3 Gentle breeze 8-12

4 Moderate breeze  13-18

5 Fresh breeze 19-24

6 Strong breeze 25-31

7 Moderate gale 32-38

8 Fresh gale 39-46

9 Strong gole 47-54
10 Whole gale 55-63
11 Storm 64-75
12 Hurri cane Above 75
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Waves are classified as deep water waves or Problems involving wave action:

shallow water waves: + forecasting wave height and length

- Deep water waves are those which occur in * wave action on mound breckwaters

water having a depth which is larger than half » wave run-up on slopes

the wave length, a depth where the bottom * wave action on vertical walls, particularly

does not have any significant influence upon breakwaters

the motion of water particles. The amplitude * wave action on piles, cylinders and caissons.

of waves in deep water decreases rapidly with

the depth, byt the wave length remains the Wave size for a particular location depends

same . upon: ‘

* Shallow water waves are those on which the + wind velocity

influence of the bottom changes the form of + duration of wind

orbital motion of the water particles from cir- » wind direction

cular to elliptical . * greatest continuous distance over which wind
can act

* water depth.
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4.1.4 General Review

Before initiating the detail design phase, it is
extremely advisable to review and reevaluate
the preliminary phases. Areas to be consider-
ed are:

A. Access:
> proximity to user
* for all transportation modes

B. Environment:
* impact on ecology
* impact on human

C. Site:

* land availability

* land cost

+ real estate value of surrounding area
+ alternate uses of selected site

D. Location - if selected site is not feasible
then process repeats itself for new location.
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4.1.5 Harbor and Channel

Final design of the harbor and channel must

include:

* navigability of harbor and channel (depth
to meet anticipated shipping development )

» information for turning basin dimensions
required

* projection of immediate and future charac-
teristics as well as directional flow of vessels

* amount of waterfront area required to allow
proper functioning of port

* provide protection and anchorage

* requirement for a closed harbor .

An enclosed harbor is one which artificially
separates its facilities from the open sea, lake
or river, The reason to enclose a harbor is to
maintain a constant water level .in the harbor
during tide fluctuations, Determining factors:
* water depth at all states of tides

* channel depth at all states of tides

* vessel size

* range of tides

- other conditions (currents, type of seas).

Comparison between open and enclosed harbors
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@ advantages

Enclosed harbors require:

* caissons

* gates

* locks

= pumping machinery and equipment .

Size of entrance locks depends on ship charac-
teristics, present and future, as well as tidal
depth at all stages.



4.1.6 Breakwaters

Breakwaters are the structures (artificial) that
provide the shelter for a harbor.

Types of breakwaters:

4.1.6.1 Mound

4.1.6.2 Wall

4,1,6.3 Pneumatic and hydraulic
4,1.6.4 Floating.

Factors to be considered in the selection of a
breakwater:

+ availability of materials

* water depth

* sea bottom conditions

* function or use

* availability of construction equipment .

Breakwater stability depends upon:

- specific weight of individual cap rock
* coefficient of friction
- wave height
+ slope of breakwater (A flat slope is de-
sirable from a stand point of stability, however,
such specifications would increase the volume
of the core and bedding material to such a point
that it would not be economically feasible to
construct. A steep slope permits a narrow pro-
tection to the harbor proper.)
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Comparison of breakwater types
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of armor course, and wave height, by three
different formulae

® advantages

Source: Design and Construction of Ports
and Marine Structures




4,1,6.1 Mound type breakwater =This type
is used when unfavorable foundation condi-
tions exist because it will most readily adapt
to the effects created by settling. '

A. Natural rock

Type 1 - a rock mound in which the core ma-
terial extends above the water level and is
covered by one or more intermediate layers
with an envelope of armor rock,

Type 2 - a rock mound in which the core fill

stops at a given depth below water level, then
covered by a medium-weight rock, and capped

with heavy armor rock.

For maximum protection, the top of a rock
mound breakwater should reach the maximum
height of the wave before breaking. It also
should extend above the level of the highest
tides, If is important to have the crest at an
elevation which will prevent serious overtop=
ping.

The minimum width of the top of a breakwater
should equal the approximate height of the
maximum wave . One determining factor for
controlling the width of the top is ample pro-
vision for the accommodation of construction
equipment and vehicles,

In natural rock breakwater construction,a 20
ton rock is the largest size to handle or trans-
port economically .
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armor ‘rock

sea ! harbor

intermediate
layer g

The Delaware Breakwater

Source: Design and Construction of Ports and
Marine Structures
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B. Concrete Block - generally cubic or
Pell Mell rectangular in shape ., Used in areas where
crown wall .
natural rock unavailable..

harbor

Concrete block is placed on breakwaters in
either:

+ pell mell (random)

* designed pattern.

0O

. Combination (rock and concrete block)

Source: Design and Construction of Ports
and Marine Structures

D. Concrete tetrapods and tribars

- tetrapod (fourlegged, truncated-cone shape,
precast concrete unit)

. ’rriba)r (special, 3 legged, precast concrete
unit ),

Tetrapods and tribars have design advantages
over standard concrete blocks due to their
shape. They have a superior ability to absorb
wave energy. They are produced up to 40 tons
in weight .

Tetrapods are placed two layers deep in equal
numbers ,



Tribar

w
5 8,
! $
an.__ $

elevation

sea

ment for a breakwater
Source: Design and Construction of Ports
and_Marine Struqrures

Placing first layer of tetrapods on rock embank~
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One construction technique used pell mell,
combination (rock and concrete block) break-
water at Rotterdam, Europort. The constructions
phases were:

1. dredging

2. laying sea gravel

3. laying river gravel and rubble

4, laying rubble of 1 to 6 tons

5. laying 43 ton concrete blocks -

6. final filling with rubble.




4.1.6.2 Wall type breakwater (Vertical):
This type breakwater differs from the sloping
mound type in the manner it resists wave ac-
tion. Vertical walls reflect the waves with=-
out reducing any of the destructive energy of
the wave, producing stationary undulation.
Whereas; a sloping mound type dissipates kine-
tic energy through run-up on the topping sur-
face and through friction caused by the ir-
regularity of the surface.

Design considerations for vertical wall break-
waters include:

* Stability - the design for maximum wave
height must include a safety factor. The
height of the breakwater above the highest
tide should be no less than 1.5 times the
height of the maximum wave . The depth be-
low the lowest water level to the bottom of
the wall should not be less than 2 times the
height of the maximum wave and not exceed-
ing 60 feet. The width should be no less than
.75 the height

* Height - must be sufficient to permit com-
plete obstruction of waves

* Foundation - should extend a sufficient dis-
tance below sea bottom to prevent erosion be-
neath the foe (extension equal .25 of wave

length).
: masonry
A. Concrete-block gravity wall sea \ harbor
A - - lleellular
-t —{concrate
T blocks

B, Concrete caissons ~ reduce construction
time on the water. The concrete caissons are
box -like structures with closed bottoms and
diaphragm walls which divide the box into sev-
eral compartments the side walls of which may
be sloping or vertical . They are often used in
dry-dock construction




4 quarry stt.Le steel sheet
i piling

g
¢

concrete in place
concrete blocks

Source: Design and Construction of Ports

and Marine Structures
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C. Rock-filled cellular sheet piles - consist
of cell construction that is stable and self-
supporting when filled with rock or other
suitable material

D. Rock-filled timber crib - constructed of
cribs of 30 to 35 square feet, divided into
compartments by transverse and horizontal
walls which are filled with rock and sub-
merged end to end along the line of the
breakwater

E. Concrete or steel sheet pilewalls - con-
structed of concrete sheet piling and concrete
batter piles driven through a soft bottom
material to the underlying firm strata, These
are capped above the low water level with
poured-in-place walls, generally used where
height of waves do not exceed 10 feet or where
the bottom is of soft material which extends to
a great depth.
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Wall Type Breakwaters
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4.1.6.3 Pneumatic and Hydraulic type break- * The result is loss of wave energy through
waters = Uses for pneumatic and hydraulic turbulence .
breakwaters:
* quieting the water at the entrance of 4.1.6.4 Floating type breakwaters
harbors Characteristics:
* improving conditions inside a harbor + unaffected by water depth
- use on off shore loading conditions * mobile
+ creating of temporary sheltered water areas. * limited influence on local quality of water
and on the hydro-biological environment
A . Pneumatic breakwater = a method of re- * minimal construction cost.
ducing wave height by the use of compressed
air. This system is in the experimental stage A. Rigid type - pontoon or barrier

and has several drawbacks:

+ prohibitive amount of power required

* high degree of inconsistency for volume of
air required

» can obtain 50% reduction in the height of
steep waves, however negligible reduction
in flat waves.

Operation procedure:

Rising air bubbles entrain water upward

Loss of water flowing off is compensated

by inflows at the bottom forming vortexes B. Flexible type - pontoon, barrier, sheet,
- If the vortex speed is high enough and matiress

the wave deep enough, the waves running

up against the surface flow of the vortex

will break.

B. Hydraulic breakwater - reduces wave
height by water jet action.

Operation procedure:
* Water forced through a perforated pipe

* The discharged water induces a current
which causes waves to break



4.1.7 Terminals

Terminals are the specialized areas of a port
where points for discharging and receiving
cargo are provided for rail, highway, pipe-
lines, inland waterway carriers and ocean
going vessels. The controlling factors for
terminal layout are:

* characteristics of cargo to be handled

* handling equipment to be used

* number of outlets for cargo

* vessel types

+ cargo handling efficiency .

Terminals are generally classified by cargo

4.1.7.1 General Cargo Terminals
4.1.7.2 Container Terminals
4.1.7.3 Bulk Cargo Terminals
4.1.7 .4 Passenger Terminals
4.1.7.5 Military Terminals
4.1.7.6 Free Port Terminals
4.1.7.7 Fishing Terminals

4.1.7.1 General Cargo Terminals: For
general cargo a facility has to be equipped
to handle many different types of cargo. In
designing a general cargo terminal the fol~-
lowing must be considered:

* type of equipment required

* method of cargo handling

* type of transportation vehicles used

* open and closed storage space required

+ vessel characteristics.
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4.1.7.2 Container Terminals: Containeriza-
tion techniques provide the designer the oppor-
tunity to design terminal facilities that will
minimize individual cargo handling thereby
speeding up ship turn-around time .

Controlling design factors:

+ need for vast land area

- circulation and parking area for vehicles

* shoreside equipment

- vessel characteristics , LASH, Roll-on/Roll=
off, efc,

Source: Jahrbuch der Hafenbautechnischen
Gesellschaft

4.1.7.3 Bulk Cargo Terminal: These facilities
are usually designed for a single function, the

handling of loose cargo such as grain, coal,
cement, sugar, ores, efc,

Basic requirements:

- storage facilities which may be open or of
elevator type

- cargo handling equipment for loading and un-
loading which generally includes pressure
pipes, conveyors, buckets, weighing equip-
ment, etc.

Bulk cargo terminals vary according to:

+ site (less requirement for still water)

* characteristics of material handled (dry,
liquid, powdered, granulated, etc.)

* quantity requirements

* availability and type of transportation mode

* type of berthing

* proximity to urban areas.



An essential part of bulk cargo operations is

the existence of adjacent industrial users such

as flour and lumber mills, refineries, iron and

steel mills. They require water front access

to export their products, therefore the distance

from the water to their plant location depends

upon the handling techniques involved:

- liquid - piped commodities may be located
several miles from water front

+ bulk cargo - handled by conveyors, or similar
apparatus may be located several yards from
the water front .

Bulk terminals generally require deeper chan-
nels and larger turning basins than other types
of terminals.

A. Liquid terminals utilize wharf, piers and
offshore mooring depending on water depth,
bottom conditions and the rate of unloading .

trestle
berth no.2

<___ D

loading arms

loading arms

pipeway

D

berth no.1

The only requirement for pier or wharf is a

light open structure capable of carrying the
weight of the pipes and valves and withstanding
the pressure of the ships. A common policy is
to construct oil terminals on the seaward side
away from commercial docking areas.
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Offshore mooring generally consists of either
a hose handling platform or a floating buoy .
These facilities do not require heavily pro-~
tected waters and are constructed in deep
water to facilitate deep draft vessels.

Loading apparatus for offshore terminals:

+ submarine hose lying on bottom, used for
hard bottom conditions

* Hartley hoister, used where sea bottom is
soft and a high unloading rate is required.

B

1 light tanker

loaded tanker

Source: Design and Construction of Ports
and Marine Structures




Additional design considerations:

- pipelines and pumping equipment
- tank storage facilities

- fire and explosive hazards .

B. Grain terminals utilize wharf loading
with direct delivery of grain from storage to
the vessel. Necessary facilities include:

- storage bins
* pneumatic suction devices
* car and track unloading facilities
* weighing facilities
* elevators.,

4 <4
HN
J*_Eﬁlﬁ.‘-ﬁ -

Source: Seeverkehrswassebau

C. Ore and Coal terminals

Careful consideration should be given for:

* ground storage and sfockpile areas

* loading and unloading equipment (tower
unloaders, grabbing equipment, floating
cranes, etc,) '

* vehicle circulation.
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4.1.7 .4 Passenger Terminals generally separate
passenger traffic and cargo traffic to eliminate
congestion . The traditional method of accom-
plishing this-has been to locate passenger facil -

_ities on a second level over a cargo area. Since

the passenger levels of ships are generally at
upper decks, this separation works very well .

Design considerations:

- peak flow of passengers

* baggage requirements

* customs requirements

* vehicle access

+ parking and storage of vehicles

+ office space for port administrators and
service facilities

* waiting and recreation facilities.

Ce=cp Bjo >

Plan of passenger facility

4.1.7.5 Military Terminals provide military
vessels with berthing, maintenance, storage
and supply facilities. In developing countries,
it is not uncommon to find joint use of a port
with the military .

4.1.7.6 Free Port Terminals represent the de-
signation of a port or portion of a port as a "free
zone" where goods may be transshipped, manu-
factured and packaged, duty free,

4.1.7.7 Fishing Terminals are designed to pro-
vide protection in time of storms and a place to
process and market the catch.
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4.1.8 Offshore Structures

Offshore structures may be classified in three 4.1.8.3 Offshore Drilling Structures are of
general categories: several types:

4.1.8.1 Mobile Wharves * tended, permanent drilling platforms
4.1.8.2 Radar and Lighthouse Platforms * mobile submersible drilling structures
4.1.8.3 Offshore Drilling Structures > drilling barges or vessels

* mobile, elevating drilling platforms.

4.1.8.1 Mobile Wharves were developed to be

used in areas where construction equipment and

materials are not readily available and where
on-site construction time is limited. Major
characteristics are:

« prefabricated
- temporary

« portable .

number of units
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4.8.1.2 Radar and Lighthouse Platforms are used
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plan

Source: Design and Construction of Ports Mobile drilling platform in various stages
and Marine Structures of erection




4.1.9 Buildings

transit shed

warehouse

cold storage

administration

customs

police station

guard houses

stevedore warehouses

repair shops, garages x

Tirehouse

power house
edirect
Oindirect

Relationship matrix for port buildings

4.1.9.1 Transit Shed

Transit sheds function to provide temporary

storage for goods discharged from vessels

or goods waiting to be loaded. They vary in

each port according to:

* type of cargo handled

* climate

* local labor practices

* available building materials

 type of land transportation servicing the
facility .

Operations involved in a transit shed:
* loading

* stacking

* discharging

* sorting

* inspection

* transferring .

Functional areas:

* storage space

* circulation space

* lockable area for valuable cargo

* separate area for "dirty" cargo

* labor facilities (washroom and toilets)

- labor storage (dressing rooms and lockers)
* office space.

Design objectives:

+ efficient cargo handling within shed
* economy of construction

* maintenance (low).
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Wharf with transit shed
Source: Port Design and Construction

Requirements in shed design:

- sufficient floor area for storage

* maximum access (wide and tall openings)

* minimum number of columns

* smooth, hard wearing floor surface

* natural and artificial lighting

* loading platforms with depressed railroad
tracks

* ample height inside facility for mechanical
handling and stacking

* adequate drainage

* length of shed proportional to berth and
apron width

* number of stories (vertical)

+ available building materiais.
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Pier with transit sheds



Dimensional criteria (the area of a transit shed
is a function of):

the size of port in which the facility is
located

the type of trade engaged in by the vessels
using the facility

aisle space {40 to 50 percent of gross floor
area)

length of facility (minimum length should
equal distance between extreme hatches of
largest vessel )

width of facility (restricted to available
space, however depends on area required and
length of facility)

height from floor to ceiling (should be 20'
to 24')

spans for structure (clear span most desirable
with interior columns spaced 40" to 70')

- exterior column spacing (20" minimum)

door openings (alternate bays on both sides
of shed, opening dimensions, 18’ wide by
15" high)

- capacity of shed (should accommodate at

least 3 days discharge of cargo, and one
third of cargo to be shipped ).

To facilitate service, reduce handling opera-
tions and ease traffic congestion, it is de~
sirable to:

design for direct transfer between rail cars
and ship

provide grade separation for rail and truck
establish one way traffic patterns

provide adjustable ramps for truck loading
separate long lengths of transit sheds for fire
protection and to relieve traffic problems.

access
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Cross section of single story long span transit
sheds at Port of Bremen, Bremen, Germany.
Source: Seeverkehrswasserbay
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The distance between ends of transit sheds
should be enough to allow free movement
of transport vehicles and cargo handling
equipment .

* Range 3' - 70!

**Range 35,000 - 120,000

Comparison of average dimensions for selected

existing transit sheds
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PRINCIPAL DIMENSIONS OF SELECTED MODERN OCEAN TERMINALS

PLER - WHARF - WHARF RERTH TRAKIT SKEDS=
TYPE Moot Cloar INDIVIOUAL  AREA: ot
: Length [ TRANBIT
PORT FACILITY “Dol'u" Loogth ey ":5: ﬂ Wi te :&' Lgﬂ% BMED PER REMARKS
CONITRUC- Tracks Helght GERTH
TN . r n " [ T [ L1
Boston Mystic Fies No. 1 Pier 897 -~ South  #68-East 25 - South 1 E - 245,000 87 82,100 3 R.R. \racks in depressed well In
1952 883 - North 25 - North 1 688 shed,
20-East - 468
Hoosac PierNo. 1 Pier §25-West 515 - South 25 W:st 1 45 0~ 28,200 525 76,200 2 R.R tracksin depresed wellin
1950 835 - East 1 535 shed.
20 Smlh — 515
East Boston Pier Pier 1912 603 30 25 - West 1 535 W - 199,000 603 99,500 2 R.R. tracks in depressad wall in
Na. 1 Rebuilt 25 East 1 shed,
1950 20 - South -
Naw York Pier 57 North River  Pier 750 150 12 - Upper - 00 125 BS 175000 750 87,50 Two-story transit shed - Grace
. 1954 Lawer (2 flogrs) Lina combination cargo and pas-
senger terminal with passenger
secommdations in headhouse.
Pier "A" Hoboken  Pier 700 k3 25- North 1 680 8 2 192,000 700 96,000 2 RAR.tracks in derressed wellin
Piar “C” Simitar 1954 20 - South - shed. (temporarily filled in and
20-East - paved o grade ol shed floor,.
Waterman Terminat Warl 1,100 - 50 21,0040 00 2 269,000 23 550 9,600 2 AR tracks at plattorm level at
(Port Newark) 194 5% - £ - 455 00 2 {both sheds) 1, 550 iear of larger shed. Gpen berth
1ol considered in Lhis compila-
tion.
Pier 3 - Brooklyn  Pier 665 - South 350 30-No, &5, —~ 618 28~ 126,000 g0 86,000 Space for 1§ trucks on inshore
(Fulton Yerminal) 1859 635 - South 25 - West end. 160,000 sq. It paved area in
ear,
Norfolk Pier "N Pier 1,100 M0 35 Upper 2 3,00 o 2 335,000 550 84,000 2 RR. tracks in depressed well in
piot 35— Lower 2 shed. Two semi-porlal gantry
25- Fate — CTANes 0n upper pier apron.
Wilmington, N. €. State Docks Wharf 1,50 - 4% 2 450 162 16 145,800 50 72,90 2 RR. fracks for platform level
1951 450 18 1% (both sheds) loading at rear of both sheds.
Two full-portal gantry tranes on
whart apron,
Savannzh State Docks Wharf 2,047 - 4 2 450 185 225 5 630 2@ 14.250 2 RR. tracks for plattorm evel
1%52 35 1 450 165 2.5 74,25 1@ 59,400 loading at rear of all shets. Twa
360 165 225 5, 1u1-portat gantry cranes on wharf
apron,
Modile State Docks ~ Whait 1.0 - 31 - 1% 00 20 312.000 2w 45 104.000 2 RR. tracks for nlanmm leve)
Berlhs 6,7, 4§ (L] 49 - 3 - T 495 foading at rear of shed.
Long Beach Berts 6 8 7 Vlhafl 1,26 - 5l 2 118 200 Upto 230.400 612 H5.200 2 RA. tracks for nli"alm fevel
(Municipal Wharves)- | (2 berthy) 3 Inading at rear of she
Berths 20, 21, 22, 24 wnm 1,995 4 350 - 45 2 1,162 160 Upto 180,010 6¢7 665  4¢+ 90,000 2 RR, tracks for alannrm level
2% 1,96 + 3% 3 loading at teat of shed,
(Municipal Whatves) 500 - Face 162 160 79,142
Los Angeles Berths 195, 136, 197 Whart 2,212 - 36 [ ¥ ) w - 241600 3¢ 757 80,500 Matson Navigation Cc. combina-
k188 (Istfioor:  or or  lion cargo & passenger (erminal,
{Municipal Wharves) 4@ 555 60.400 2 fioors and mezy. 704 ti. fL. first
floa: 140,800 sq. ft. used so\ely
'ovcar;o 504 e, 1. 100.300
u for passengers 6
germal catgo. Uipper lloor - pas-
sengers only.
3 RR. tracks for pladorm level
loading 3! tear ol shec.
San Francisto Mission Rock Double 1,480 - Lower 1,000~ Face om Face H 680 ns 1y 78100 26 740 24 IB.100 Open berths aar considerad in
Terminal Pier 1,100 plus 3129 Upper 2 680 s 28100 1y 582 I 8100 this compilaton. RR. tracks al
(Pier 50) 1950 582 - Upper 3129 Lower 2 612 1517 91600 fe 1100 |@ 91600 platiorm level at rear of all sheds
or ot 30 11, between edges of platforms
70 150 1) 105.000 2¢r S50 2 45.80C at rear of two inshore ,parallels
sh
Seatile Pier 42 Double 1,09 396 32 - North 2 981 ne 16 107.900 Pl 53.950 5 RR. tucks at plzﬂovm tevel
Pier 32 - South 2 981 Ho 1s 107,900 betweon sheds. 83 i, betwsen
1942 20 - Fate - eagns of pla(foum; a1 rear of
shecs,
Toronto Pier 11 Wharf B0 — 35-45 675 156 20 100,000 200 100.000 Tiachs at end of terminal,
195 Termnal No. | compares with
Pier 11 except the apren width
will be 58 feet,
Milwaukes Pier Ho. 2 Pier 1.017 - North Open Face
(Municipat South) 1961 LOL - South 520 R.5-Noh 1 504 150 188 74300 Tur 520 2¢f 74.300 Truck & rail depressed well on
£.5-Suth | 504 150 188 73,300 open pler between sneds - 103 teer
. N E‘?g wide with tour raitroad tracks.
2@

NOTES: « All transit sheds one-story except where atherwise noted under “Remarks,”
* Excludes track areas ~ inclades aisles and other non-siorage aress.

Reproduced by permission of the American

Association of Port Authorities



Section and detail of multistory warehouse
* Source: Port of Stockholm, Sweden
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Cargo flow in a two story transit shed

82

Recent trends in shed construction are
toward multistory transit sheds (up o 6
stories) .

Advantages:

* provide long time storage space

* minimize land requirements

* segregate import-export operations

* reduce roof area

* distribute work area over several floors
+ facilitate customs clearance .

Disadvantages:

* require vertical delivery facilities

* require stronger, heavier foundations
* increase construction costs

* require more columns

* require more circulation space.



4.1.9.2 Warehouse
The primary function of a warehouse is
long time storage.

Factors to be considered in designing a
warehouse:

+ temperature

* humidity

+ air movement ,

» equipment dimensions and clearances
« distance from berth or transit shed

« optimal column spacing for longer spans
loading platforms

« railroad capabilities

- covered loading areas

+ wall cranes or travelling cranes.

Dimensional criteria:

* availability of space

- use of warehouse :

* for fire protection structure should be
compartmentalized ‘

* provide minimum of 2 feet clearance
between top of cargo and ceiling .

”}&dvcn’rages of constructing warehouse above
transit sheds: .
* cargo can be transferred from transit shed -
to warehouse regardless of weather conditions
* provides minimum distance for cargo move-
ment
* reduces external traffic congestion.

Typical Warehouse Layout
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Port Newark, New Jersey

+ width 160 feet

+ length 640-960 feet

+ clear height 20 feet

- column spacing 40 feet

» floors at truck and rail car level
- light (natural plus artificial).




4.1.9.3 Cold Storage

Function: refrigeration of perishable goods.
Requirements:

+ close temperature control

* controlled humidity

+ location near or in transit shed.

Meat: storage temp. critical temp.
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4.1.9.5 General Criteria
A . Structural framing:
+ steel frames:

pre~fabricated

rapid erection time

provide long spans (trusses)

low maintenance.

timber frames:

used for roof and wall structures
can get long spons (laminated beams)
generally an available material .
masonry frames and reinforced
concrete:

poured in place construction

tilt up construction
prefabricated

long spans

low maintenance

fire proof construction .

Chilled 30 28 10~15 days
Frozen 15 10 1~10 months
Dairy products:

Butter 15 5 1-6 months
Frozen eggs 5 0 1-2 years
Shell eggs 31 30 6=10 months
Cheese 40 35 1-6 months
Fish 0 5 2=3 months
Fruit:

Apples 36 31 1-6 months
Pears 32 30 1-4 months
Oranges 32 31 1-4 months
Vegetables:

Green 35 32 10-20 days
Root 38 34 1-3  months

Source: Design and Construction of Ports
and Marine Structures

4.1.9.4 Administration
Function: to handle necessary office and

clerical work for cargo movement. Customs
and immigration facilities may be included
depending on location and size of port.

General requirements are:

- office space
* toilet facilities
* waiting room

+ passenger and baggage space if customs

included.,

Comparison between types of framin
=
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B. Wall construction types:

® advantages

* reinforced concrete
« concrete block/brick
* metal siding
« corrugated plastic siding

+ glass

« aluminum or porcelain enameled steel

« combinations of the above.
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{-'_: E . Materials:

g 2l el |8 S| - portland cement concrete

g . 9 AP P . 2D Sl wlal |5l  asphaltic cement concrete

olc|%] 8| alT|m8|o| o]l 82l - laminated treated floor,
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reinforced o lo |o| oo slcicle
concrete cl=| L=
concrete block ® e § 5
tilt up Sthal 3L
concrete ole|®| (00 (o laminated treated [eo|e
corrugated cement .concrete ®
a1umi num L4l o @ |® @18 [asphaltic cem. conc. [elele]e
galvanized o lo| lo ° ® advantages
sheet steel Comparison of floor types
corrugated
plastic sheets o o000 Floor finishes should be hard smooth surfaces
brick ant tile 0 oo with anti-skid properties.
aluminum/porce-

o /FIJIO y o oo ofeje

gin enamelle YV E. Door types:

Vv 3 .
advantag - rolling steel doors
Comparison of wall types * sectional vertical lift doors

* horizontal sliding doors .
Door selection is governed by:
* size and type of equipment used

C. Roof construction: To achieve the de- * cargo

sired long spans it is'necéssary to use trusses, * frequency of use .

prestressed or laminated members.

Door spacing:

In selection of roof types the following must * minimum spacing would be every other bay

be considered: ) for the length of the shed (both sides)

- site conditions

+ initial costs

- maintenance costs

- availability of materials

- weight and strength properties
- life expectancy

Roof types:
+ corrugated metal

- metal
* built-up composition

D. Floor construction
- selfsupporting
- on fill * end doors may also be provided .
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F. Ventilation systems

Types of ventilators:

* gravity

* rotary

* continuous ridge '
* mechanical .

The size, location and type of ventilators

Rolling shutter door are determined by the number of air changes
required per hour (common practice is 1.5
air changes per hour).

G. Offices and washrooms

The determining factors for size, location
and humber are:

* proximity to personnel activities

* size of worker population

* local health and sanitation codes
Multi-section vertical lift door - * need.

Ti H. Security enclosure

Designed for the protection of valuable cargoes from
theft, pilferage and damage. Size, location

and number are governed by:

L - size of cargo anticipated

* value of cargo

* request by owner of cargo

+ volume of cargo.

Horizontal sliding tire door

T
1 |

|||| ‘

L H A L

Horizontal sliding double door

I. Methods to protect against physical
damage to building include:
- highway beam guard rails
* concrete curbs
* pipe hand rails
* depressed areas
* driving ramps
+ pipe guards for buildings
+ guard frames for utilities and services.

J. Painting decisions:

+ color coding

» direction indicators

+ protection from weather

* aesthetics

* improve lighting conditions.

Types of transit shed doors
Source: Design and Construction of Ports
and Marine Structures




K. ' Fire protection systems

. automatic sprinklers

- supervisory fire alarms

. fire walls

- auxiliary fire fighting equipment (hose
racks, chemical fire extinguishers, etc.).

L. Lighting: general requirements for a
lighting system are for it to produce diffused
light without harsh shadows or glare.

- available light (natural) provided by:
roof lighting (skylights, clearstory, etc.)

. side wall lighting (glazing, translucent
panels, etc.) :

- artificial light for night operations or to
supplement natural light . _

Types of artificial light:

* incandescent

« fluorescent

* mercury vapor
35 feet).

(minimum vertical distance

The general practice has been to provide 10
foot candle illumination indoors and 1 foot
candle illumination outdoors for transit sheds
and warehouses .

Comparison of type of fixtures

maintenance

heating
efficiency

incandescent

® /@] color reading

®|®| height

fluorescent

mercury vaporelele

® advantages
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M. Electrical supply

* standard 110/220 volt 3 way system
- 208/120 volt 3 phase system

- 480/277 4 wire system,

fEE L
TTTTTG
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length Q3 R8R]
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1000
900
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500

400¢

300

200}

100 k
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100
125
150
175
200
225
250
275
300
325
350

Chart to determine length or width of shed
or warehouse based on desired square footage

375




4.1.10 Dock Types

The most basic part of port facilities are the
docking facilities for the vessels.

Types of berthing facilities:
4,1,10,1 Pier

4.1.10.2 Marginal Wharf
4.1.10.3 Specialized Berthing

Controlling factors for dock selection are:
« type of cargo

* vessel types and sizes

+ life expectancy of facility

* direction of wind and waves

* bottom conditions

* construction costs

* ownership.

4.1.10.1 Pier: a structure extending outward
at an angle from the shore into the navigable
waters of the harbor, permitting vessel berth-
ing on both sides .

Pier at angle to Pier 909 to channel

channel

L-shaped pier T-head pier

Piers are constructed because they provide more
berths per linear length of channel than wharves
do.

T-head and L-shaped piers are economical ways

to provide docking facilities in deep water which

eliminate dredging .
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4.1.10.2 Marginal Wharf: wharves extending
parallel with the shore line and connected to the
shore at more than one point which allow berth-
ing to take place on only one side.

Marginal wharf
772/ 777071/ 777701 770 P20 AT T

Wharves generally permit:

* construction of terminal facilities on the land

~ side of the bulkhead line

> high degree of design flexibility

° provision of loop rail and highway connections

* reduced distance for land carriers to transit
sheds

* easier in docking vessels

* less maintenance

* more adaptability to changing requirements
brought about by new developments in vessel
technology, cargo handling systems, trans=-
portation techniques, etc.
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Site conditions determine pier or wharf
selection .

Factors governing the size and shape of pier

or wharf layout:

- age and development of the port

- size, shape and dollar value of available land
+ vessel characteristics

« trade requirements



+ amount of dredging necessary for maintenance

* depth of water

* type of cargo

» cargo handling methods

* codes and regulations

* types of equipment used for cargo.

Water depth required:

+ open docks (one foot more than maximum
vessel draft)

- enclosed docks (not less than entrance sill).

Vehicle use on dock facilities depends on: -
o strength of structure

equipment used

* cargo handling method

+ available space

- volume of shipping

* number of berths.
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General requirements for land vehicles:

* road and rail should serve parallel to berth

« ‘minimum tracks 2 but not more than 5
maximum :

- berth railroad tracks should be shunted
independently from neighboring sheds

* one rail track should be located near the
edge of the apron,

General requirements for piers and wharves:

- elevation of surface should be a minimum
of 5 feet above the high water level mark
at maximum tide

* should have slips wide enough to allow ships
to be safely navigated to permit docking

+ should be broadside to the prevailing wave
front. It is desirable to have the vessel
anchored parallel to the direction of the
prevailing winds, If this cannot be achieved
then the berth should be oriented in such
a manner that the wind holds the ship away
from the dock.

1857

—N

1967

Evolution of an apron

Source:

Johrbuch de Hafenbautechnischen Gesellschaft
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Recommended clearance dimensions for wharves, - a - area of transit shed

piers and slips b ~ minimum of 75 feet
¢ - beam of vessel
A. Wharf ' d - minimum of 100 feet

| e | e - minimum of 50 feet

’P”—|_Tgr_—ﬂ_—1 f - minimum of vessel beam plus 150 feet

ey «— N <D | - length of vessel

Factors affecting pier slip width are:

' * length of pier
a _J a a * beam of ship using pier
; * requirements for tugs or lighters(which include

vessel handling, docking and maneuvering
spoce).

Type of construction utilized for piers or wharves
are determined by: .
B. Two-berth pier and slip "~ specific operational requirements of the pro-
posed terminal
- availability, cost and anticipated life of con-

- struction material
b 2 -
' U

structural requirements
* local foundation conditions.

Construction Types:
! A. Open type
b b « receiving platform in which the main struc-
' - tural slab is below the finished deck or sur-
face and the space between is filled to pro-
vide additional weight for stability

U a

C. Four - berth pier and slip
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- high level decks in which the deck super- » rock-filled timber crib: used for early
structure system is supported directly on construction of piers and wharves, The
piles. The piles are arranged in trans- top of the timber crib is usually terminated
verse rows. The deck is generally con- at a low water level and the retaining wall
crete, precast and prestressed . above s constructed of concrete or masonry

on which the dock paving is placed

B. Solid fill type: - concrete caissons (used extensively in
- steel sheet-pile cells: used where water Europe). Usually of two types:
depth does not exceed 50 feet and bottom - open well type sunk in the dredged
conditions are suitable to support a gravity bottom for increased stability
structure * close bottom type which is set on

a gravel or crushed stone bed

L

L B
» sheet-pile bulkhead: constructed of wood, - gravity quay wall (usually construc-
steel or concrete sheet piling and support- ted of 20 - 200 ton precast concrete

ed by tie rods attached to an anchor or by " blocks )
a pile located a safe distance in the back
of the face of the bulkhead or by batter
piles along the rear of the piles

Source: Port Design and Construction




4.1,10,3 Specialized Berthing
A . Lighterage berths
B. Romped cargo berths

A . Lighterage berths ~ for intermediate
transfer of cargo between land and water
conveyance when insufficient water depth
exists for large vessels and deep water berths
are not economically feasible to construct.

B. Ramped cargo berths ~ gently sloping
wharves with adjustable ramps. They are
used extensively for Rolt-on/Roll-off cargo.
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Ramped Cargo Berth, Kiddapore Docks -
Calcutta
Source: Mission Port Development

cross section of hard standing & ramp
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4.1.11 Drydocks

The function of dry docks is to provide
maintenance and repair on the underwater
portion of a vessel .

Types of dry docks:

A. Graving Docks

B. Flooting Dry Docks
C. Slipways

Large tanker in drydock
Source: Lisnave - Estaleiros Novois de Lisboa
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® advantages

Comparison between graving and floating
drydocks

Slipways provide a recessed bed plus mechani-

cal hauling facilities to haul vessels out of

the water .

Source: Seeverkehrswasserbau




4.1.12 Piles

Function: to support the deck and its live
and dead loads ,

Factors to be considered in pile selection:
* required length of life

- character of structure

- availability of materials

* type of loads

* factors causing deferioration

* maintenance, amount and ease

* cost estimate (initial cost, maintenance
cost, life expectancy)

* available funds.

Also important in pile selection is the cross
section of the pile. Wave forces are smaller
for piles of cylindrical cross section; for piles
with flat or irregular surfaces such as square and
H shape piles, very litile is known about wave
generated drag and internal forces. The fol-
lowing drawing demonstrates some of what is
known about the relative increase in wave
force on various cross-section types of piles
(assume a cylindrical cross section has a
relative increase of 0%).

Pile sections
42-158 122 - 258

O W H

Considerations in designing pile foundations:
+ soil properties

* pile types and driving equipment

* piles carrying capacity .

Principal deterioration factors of piles:
- corrosion

- decay

* insect attach

* marine-borer attack

* mechanical wear

* fire

- chemical reaction (concrete).
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% I
point of 1

U‘supporl U D tixity U
ends not fixed top fixed bottom fixed both en;s

bottom not fixed top not fixed fixed

point o 0

Effective length of pile for various end
conditions

An essential step in pile design is to determine
the condition of support at the top and bottom
of the pile (piles may be considered fixed if
the ends are secured against rotation).

To be fixed at the top of the pile, the deck
must be of heavy construction and the pile
rigidly fastened to the deck.

To be fixed at a point not too far below bottom,
the soil must be compact and hard. The point
fixed in the case is 10 to 15 feet below the
bottom . If the bottom is soft the fixed point
would occur 20 - 25 feet below bottom. The
pile may be considered supported from buckling
at a depth of 5 to 10 feet below the bottom.

Types of Piles:

4.1.12.1 Bearing Piles: utilized for the trans-
mission of structural loads through air, water and
soft surface soils to harder more stable soils.

4.1.12.2 Sheet Piles : consist of specially shaped
interlocking piles used to form a continuous wall
to resist horizontal pressure from earth and water.
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4.,1.12.1 Bearing piles may be classified

by the form of bearing or type of material:

A. End bearing piles = piles which transmit
their load by point bearing to the firm stratum
upon which it rests.

B. Frictional piles - piles which transfer the
loads to the surrounding soil by friction along
the piles embedded length.

C. Wood piles - make good frictional piles
with load carrying capacity of 12 to 15 tons.
Their average length is 35 feet, with life span
of about 10 years depending upon oxygen con-
tent and temperature of the water.

D. Concrete piles:

+ precast:
conventional shapes - square, round ,
octagonal
length 114 feet (max.)
load carrying capacity approximately
50 tons.

* prestressed:
used where difficult to use precast
lengths over 140 feet
load carrying capacity approximately
80 tons.

* Cast-in-place:
load carrying capacity approximately up to
150 tons.
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E. Steel piles:
- load carrying capacity
end bearing {48 - 120 tons)

friction bearing (48 - 70 i'ons)
+ sections (H or round).

F. Composite piles - consists of one material
for the lower part of the pile and another
material for the rest. The eritical point for
this type pile is the junction point between
the two materials.

» Timber and cast-in-place concrete (load
carrying capacity 30 to 40 tons, length 100
feet)

+ Concrete-filled steel pipe and concrete

(locd carrying capacity 75 tons, length 100 feet)

» Steel H-sections and concrete (load carrying
capacity 200 tons).
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@ advantages
4.1.12.2 Sheet Piles
Design factors for sheet piles:
- use of weep holes
+ change in dry and wet submerged conditions
« type of soils
* moisture content
* yielding conditions of walls
* recent developments.



" Major types of sheet piles:

A, Steel sheet piles

- variety of shapes

. adaptable for cellular retaining walls and
cofferdam construction

- advantages over other typesin areas of
strength, salvage value, simplicity, hand-
ling and heavy construction .

B. Concrete sheet piles - reinforced or pre-
stressed, precast piles of rectangular cross

section,

C. Wood Sheet Piles ~ used to resist light
lateral loads.

Section thru precast concrete sheet piles

The primary use for sheet piles is in retaining
wall construction.

Piles are driven into the earth by pile driving
hammers:

* drop hammer

- single-acting steam hammer

- double-acting steam hammer
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4.1.13 Fender Systems

The function of a dock fender system is to
prevent ships or docks from being damaged
during mooring, by controlling ship motion
and reducing or eliminating the impact of
ship-dock contact. The fender also pre-
vents damage due to rubbing.

Pier Deck

gravity-type fenders

Design factors for a fender system:

- vessel characteristics

- vessel speed

« approach direction

- wind

- expected tidal current conditions

* rigidity and energy-absorbing characteristics
of the dock

* initial cost and maintenance costs vs. ship
and dock repair costs with a fender system,

Materials to be used for fenders must possess the
following requirements:

+ high compressive strength

- high fiber hardness

* high bending stress

* durability .

Classification of fender systems is by material
used or the principles of operation:

A . Wood fender systems

B, Rubber fender systems

C. Flexible (spring) fender systems

D. Gravity fender systems

E . Floating fender systems

A . Wood fender systems

Single timber "rubbing strip" fender - Used

when the approach to the berth is sheltered, the
water calm and when tug assistance is available .
The wood is the element absorbing the impact energy
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- Timber fender with two or three horizon- B. Rubber fender systems - have generally
tal walls together with vertical timbers. Used replaced the use of flexible = spring type of
where tidal range is relatively small. They fenders because they have:
have a low initial cost and have proven to be - longer life
economical in replacement, . * less maintenance

* better absorption of longitudinal forces
- Timber fender plus fender piles. Used parallel to the dock.

when additional energy absorptions are desired
and tidal ranges are greater than six feet

- Timber fendering with cylindrical rubber
units. Used where greater deflection and
energy absorption is required.

When using wood fenders, it is necessary to:

+ use only stress graded timber

+ drill bolt holes to the same diameter as the
bolts

- protect all cuts with creosote

* use only galvanized bolts.

Source: Design and Construction of Ports

and Marine Structures, A .D. Quinn, 1961,
Timber fenders on sheet pile bulkheads McGraw Hill . Used with permission of Mc-
Graw Hill Book Company

Types of rubber fenders:

* Rubber-tire truck-wheel fender (Utilizes
truck tires on wheels, placed in a horizontal
position along the face of the dock. Suitable
for calm waters and a small tidal range)

* Hollow-rubber cylinder type (Requires a
solid fascia wall to a depth of at least six
feet because of the curvature of the fender.
This type is adaptable to solid type dock
construction)



* Combination steel beam and rubber fender
system with steel fender piles ( Utilized
where it is not practical to use deep dock
fascia beam or wall)

* Raykin fender buffer ( Consists of a series
of connected sandwiches made of steel plates,
cemented to layers of rubber).

Py PR TREeTT

Raykin fender buffers

C. Flexible fender systems - utilize steel
spring fenders for additional energy absorption
or spring type wood fenders which are placed
away from the dock at a slight angle (1:24)

to absorb energy by deflection.

Ty

T

Typical springing~type wood fender

Source: Design and Construction of Ports
and Marine Structures
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D. Gravity fender systems - based on the
principle of transformation of kinetic energy
into potential energy by means of raising
weights (massive blocks of concrete) utilizing:
+ system of cables and sheaves

- pendulum

* frunnoins.

Suspended gravity fenders

E. Floating fender systems - used generally
to keep ships away from a dock or to separate
vessels which are tied up adjacent to one
another .

Types:

- rolling type

- heavy timber box section type
* floating fender log type .

Rubber tired fender and a timber pole fender
Source: Port Design and Construction




4.1.14 Mooring

Function:
following reasons:

* waiting for a vacant berth

- working cargo overside only

- waiting in calm water

* waiting for dry dock or repairs

* to take on cargo for super-sized tankers.

Types of mooring:

- vessels own anchor

- tie up to buoys

* combination of buoys and anchors
* tying up at a berth.

tension bar buoy

!
riser chain [

7

/

ground chain / ‘

anchor — sinker

to anchor or tie up vessels for the

Components of a mooring buoy

Multiple mooring buoy arrangements

3-Buoy Moorin 5-Buoy Moorin
A y Ag Ac y 2A 9

’
)
\'I’
N1
At

,

A ships anchor
B buo
C anchor

2
e
A
»
B C
-

B,
«c Cw
8-Buoy Mooring

6-Buoy Mooring

Source: Design and Construction of Ports
and Marine Structures
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@ corner mooring post
O bollard

A vessel should be moored as close to shore
as possible with its approach to the buoy
being into the wind and parallel to any
currents,

Number of buoys utilized for mooring de-
pends upon:

* vessel size and characteristics

* winds, currents and waves

- bottom conditions

- economic factors .

240 o

releasing hook

double bitt bollard cornev moonng cleat
|
| .
LS B @
open chock closed chock power capstan
Pl ===

Typical mooring accessories

Spacing of the mooring devices is based on:
+ vessel characteristics

* convenience of cargo handling

* wind and tidal conditions.

All mooring devices with anchorage are de-

signed for worst conditions with a 50% safety
factor added .
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4.1.15 Dolphins

~

Structural classification:

A. Flexible type dolghins:
- used for mooring of small vessels or as an
outer fence for the protection of a dock

* the flexible dolphin, though not designed
to take the impact of ships, may be used
for berthing medium type vessels from off-
shore loading platforms and structures .

Types of dolphins include:
wood pile dolphins
wood pile and timber frame dolphins
steel cylinder dolphins
- steel pipe and wood frame dolphins
- steel pipe and steel frame dolphin.

3 pile 7 pile 19 pile
cluster cluster cluster

Typical wood-pile dolphins

Dolphins are used for mooring and docking of
vessels. They are designed to resist horizontal
impact loads in addition to wind and current
forces.

Functional types:
Berthing dolphins (for fendering to resist
vessel impact)

* Mooring dolphins (to hold the vessel against =
a broad side wind blowing in a direction away )

from the dock). These are not designed for ship
impact. Length of mooring lines: 200 feet to

400 feet .
B. Rigid type dolphins:
- used for large vessels and tankers
* wood platform type
* sheed pile cell plus fender
* heavy concrete platform slabs supported
[ by vertical and battered steel piles.
T:“ A
£%
i
it
view a

. N . . Source: Design and Construction of Ports
Flexible dolphin with steel-pipe piles of and Marine Stroctores

Miragoane, Haite




4.1.16 Moles, Tresties and Catwalks

Moles, trestles and catwalks are designed
for access from the shore to pier or terminal .

A. Moles - constructed of rock fill with
sloped sides for protection from erosion,
similar to breakwater construction. The
function of the moles is to support roads,
sidewalks, railroad tracks, utilities, pipe-~
line, conveyors, efc.

Cross section of a typical rock mole

B. Trestle ~ lighter construction than piers.
They are designed primarily for vertical
loads. The majority of trestles use precast
and prestressed concrete decks because of
durability and economy .-

Cross section of timber trustle on wood piles

Source: Design and Construction of Ports
and Marine Structures
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C. Catwalks = used to provide access from
one dolphin to another. They are generally
light weight construction, wood or steel . Cat-
walks are located at a distance from the face
of the structure to prevent damage by vehicles
or vessels.
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This publication demonstrates an insight
into the complex problems involved in port
and harbor design and construction. It is
intended to serve as a starting guide to the
various planning procedures necessary to
design a port or harbor .

The following list presents selected trends
which it is believed will have the greatest
impact on ports of the future:

Functional obsolescence of port facilities is

becoming increasingly apparent as ship con-

struction technology advances. New innova-

tions include: '

* deep draft vessels (80 feet) that exceed all
channel and harbor depths

+ LASH and SEABEE concepts that require
entirely different facilities

* standardization of ship components

* trans~ocean barge concepts

* automated vessels controlled by ship board
computers .

Movements to off-shore loading systems in order

to efficiently use deep draft vessels. The only
cargoes loaded off-shore presently are liquid,
such as oil and slurried ores.

New Facilities for off-shore loading vary from

submerged pipelines to artificial island installa-

tions.

Containerization is revamping cargo handling
techniques .

Harbor obstacles are influencing new port

thinking:

- expensive dredging costs

+ expensive relocation costs of tunnels,
pipelines, etc.

- environmental and ecological factors.

Development of coastal barge terminals to pro-
vide secondary distribution centers.
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Specialized ports: a limited number of larger,
regional type ports with sophisticated equip-
ment designed to handle a specific type of
cargo. An example would be a regional con-
tainer port.

Intermodal transportation: a highly organized
and scheduled, factory=to-user chain under a
single bill of lading. This system requires a

great deal of standardization of components to
enable all transport modes to equally participate .

Improved conditions for port labor:

- provide and maintain hygiene locker, dining
and toilet facilities

- improve recruiting programs

* improve and implement training programs to
facilitate highly skilled dock workers.

Improve and enforce safety standards and pro-
cedures for personnel, facilities and harbors
to reduce accident frequency .
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6.1 Existing Port

6.1.1 Introduction

In the past few decades, while trucking,
rail and air operations have sharply risen,
the shipping industry has declined. To
better compete, the shipping industry has
infroduced technological advances including
increased ship size and containerization of
general bulk cargo. But while the shipping
industry has made great strides in shipbuild-
ing and containerization, most of the ports
have not kept pace.

A major problem facing ports today is the

task of modernizing obsolete facilities, equip-
ment and methods. The large marshalling
yards required for contfainerization have not
been constructed in many instances, usually
because of lack of available ldnd. Many
ports have been unable to cope with the in-
creased truck fraffic due to limited access
roads, and shipping lanes are often too
narrow and too shallow to handle the new
superships. Such obsolete facilities often
force shippers to ship from ports with new
facilities, thereby diminishing the older ports'
cash inflow at a time when they can least
afford it.

In these older ports, the lack of space isa
major problem. They are typically located in
the oldest part of the city where narrow, con-
gested streets do not permit adequate truck
traffic for transfer and delivery of cargo. The
waterfronts are characteristically packed with
obsolete, decaying piers and wharves which
inhibit port efficiency.

The lack of appropriate planning for advanced
marine technology has created expensive de-
lays in the loading and unloading of ships.
Valuable land is often occupied by piers and
wharves with aprons too narrow for efficient
cargo handling, and ship furn around time is
often needlessly lengthened by narrow channels
and congestion caused by improperly located
industrial sites.
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The older port could greatly increase its
efficiency by gradually eliminating facilities
which are inefficient, unprofitable or unfit
for modern operations because of size or loca-
tion. The remaining terminals and facilities
could be upgraded and a logical expansion plan
developed to forestall premature functional

_ obsolescence.

A port can be of great economic benefit to a
community by attracting trucking, storage . and
distribution concerns; providing jobs within the
portand stimulating secondary work opportuni-
ties outside; attracting port associated industries;
and bringing an increased flow of goods through
the entire area. However, without proper plan-
ning for fransportation, facilities and increased
traffic flow, the port can become a hindrance
to community progress, especially in the face
of today's rapid change .

The objective of this part of the report is to cite
improvements which could be implemented in
existing ports. This includes aspects of port
planning, facility design and handling methods
which would allow better land usage in the

port and its surrounding area; more regard for
the physical and social environment of the port
areas; and techniques for effecting more rapid
turn around of ships. The aim is not to advance
port technology so that it is more competitive
with trucking, rail and air transport systems,
but to promote better coordination of these
transportation modes .

To illustrate how modern facilitiesand better
planning can reduce congestion within a port
and increase the efficiency of its operations,
the Port of Galveston has been chosen as a case
study . The case study will concentrate on new
concepts of cargo handling which include multi-
purpose warehouse - transit shed buildings and
a system of vertical container storage and re-
trieval . The possible subsequent need for re-
moval and relocation of existing facilities will
also be considered.



6.1.2 Port of Galveston-Case Study

Gulf of

Mexico

T b

History:

Galveston Bay, probably the finest natural
harbor on the Gulf, is protected against the
open sea by Galveston Island. The harbor
opening is the pass between the island and
Bolivar Point. Galveston Island has such a
superfor position on the coast that it became
the first port in Texas and, since the middle
of the nineteenth century, has served as the
largest cotton exporter in the nation. The
first railroads crossed the causeway to
Galveston in 1860 and goods exported from
Texas began to funnel through Galveston,
Except for the rapid growth of the Port of
Houston and Galveston Island's susceptibility
to storms, the Port of Galveston could possibly
have been the major seaport in the Gulf of
Mexico . :
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Buildings:

Many of the present port buildings in Galveston
were built in the 1920's or before and are in
extremely bad repair. Since 1956 the Port of
Galveston has spent approximately $25 million
on repairs and renovations of these buildings.

" The transit sheds are of concrete, tin and wood

construction with foundations of concrete pilings
and beams. Some aprons are still extremely
narrow, however, several of them have been

widened and have had rail lines added to them.
These wider aprons can be serviced by rail type
or shoreside cranes.

.....
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The warehouse district is intermingled with

residential areas of extremely poor quality . C Ty
Very little delineation is made between com- ' oL
mercial and residential areas with houses and o i
apartment complexes being simply inserted
between warehouses and compresses . If the
storage facilities were relocated, warehouses
and land could be converted to housing and re-
creational areas. Several warehouses have al-
ready been sold and replaced with apartments
and shopping centers.

i " 33{ G0 o Sl L
Cotton is transferred by tractor trains consisting
of strings of eight or ten cars pulled by small
tractors. This has proven to be the most efficient
method of cotton transfer so the port is planning
to expand its program.

Gl

Circulation:
Warehouses and transit sheds are serviced by . 1 TR
narrow congested streets, and heavy truck ¥ o
traffic is impeded by the maze of railways in
the area. Railroad spurs to several of the ware-
houses have long been clogged by rubbish and
overgrown by weeds. Tracks in the area of the
cotton compresses and warehouses are often un-
used due to lack of repair.
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O Major points of congestion

Railroads

Expansion :

Due to the age of Galveston, the port is
crowded with old buildings, streets and rail-
ways. This limits space for expansion of the
port (16 acres within the port and several in-
dustrial-areas are available).

Expansion on Pelican Island is limited due to
present tenants, and plans for the future are
already in progress. Presently on Pelican
Island are Todd shipyards, the site for Texas
Maritime Academy, the site for the Seabee
barge terminal, several marine oriented in-
dustries and chemical and petroleum termi-
nals. Future plans for the island are to zone
it for residential, recreational and commer-
cial areas. Galveston Wharves (the Port of
Galveston) presently owns only 48 acres on
which the Seabee barge terminal will be built.

Multistory Warehouse/Transit Shed :

One of Galveston's major problems is presently
the lack of available land for new facilities.
To reduce the space now occupied by outdated,
single-purpose warehouses there is a possibility
of combining transit sheds and warehouses into
single buildings, with the lower floors for
transit cargo and the upper floors for long term

storage . The combination of these two faci-
lities could reduce the time required to move
cargo from the docks, through the transit sheds
and to the warehouses. The cargo for storage
could be unloaded directly into the ware-
house from the ship. Within this multipurpose

Warehouses

Transit Shed

A

N\

AN

]

Multistory

—) Warehouse /

Transit Shed

L




building could exist transit storage areas,
rail and truck circulation, refrigerated stor-
age, general storage, private rental spaces
- and office spaces for port officials or ship-
ping related indusiries.

To further implement the efficiency of these
multipurpose structures, covered facilities
could be used for loading and unloading, en-
abling cargo to be stored and handled in all
types of weather . With no losses of man hours
because of rain or ice, the efficiency of the
facility would be increased and ship turn
around time improved.

Where multistory sheds are used in conjunc-
tion with slips or finger piers, it would be a
simple matter to cover the span with a space
frame, a vault, a cable-supported structure

or a cantilevered roof. In the case of a shed
alongside a marginal wharf, a cantilevered

or cable-supported roof system could cover the
apron and the ship. With the facilities
covered, the upper floors of the building
could then open onto the apron without fear
of weather damage, except in extremely harsh
climates. This would allow cargo intended for
refrigerated storage or long term storage to be
unloaded directly onto the level desired.
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Cargo could be loaded from the upper floors by
a gantry type crane, moving on tracks along the
apron. Cargo could be brought to the edge of
the warehouse where it would be picked up by
the crane. A system of small ramps or balconies
could be used to pick up cargo from fork trucks.
These balconies could be lowered for the fork
trucks to drive onfo them and raised when they
were driven off. This would allow cranes to
pick up and drop cargo without any overhead
obstructions.
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Rail and truck circulation within the building
would be carried out on different levels.
Railcars would enter the warehouse on a level
slightly below the apron level to allow easier
loading and unloading . Lanes would be pro-
vided on the first level for trucks to enter be-
tween the railroad tracks but the major truck
traffic would enter the warehouse on the
second level .
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Vertical circulation within the warehouse would
be accomplished by lifts or elevators, overhead
cranes and conveyors and ramps. Vertical
distribution of goods for storage from ships would
be accomplished by the dock cranes.or overhead
conveyors .
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Railroads - Phase 1

Phase |

The construction of multistory warehouses

will occur in four phases. During the first
phase one existing transit shed is removed and
work is begun on the multistory warehouse,/
shed which replaces it. The existing rail to
this shed is retained once the multistory ware-
house is completed. Whenever the warehouse
section of the new building is completed,
storage is transferred to it from warehouses in
the immediate area, which are then removed.

Phase 2

Three more sheds are removed and their cargo
is handled by the first multistory warehouse .
The three sheds are replaced by two multistory
warehouses and then storage is moved into them
from several more warehouses throughout the
port. Rail lines are then changed to the new
routes servicing the three multistory warehouses
with as many of the existing lines as possible
kept in use until the project is totally complet-
ed.

Rallroads - Phase 2

Phase 3

During phase 3, four of the old transit sheds

are removed and replaced with multistory ware-
houses, while their cargo is handled by the

three previously constructed warehousss. Storage
is transferred to the new warehouses freeing the
old warehouses for recreational or other commer-
cial uses. Additions and changes are made to the
railroads servicing the new warehouses .

Raiiroads - Phase J

Phase 4

The remaining three transit sheds are removed
and replaced by multistory warehouses and re~
maining warehouses transfer their storage to
the shipside warehouses. Railways to the new
warehouses are completed providing at least
one through rail to each warehouse with
numerous sidings for each warehouse or group
of warehouses to prevent a bottleneck of rails
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Railroads- Phase4

in the waterfront area. Various switches
preceding the entrance to the waterfront area
and around the warehouses allow railcars to

be rerouted.

Two slips to be filled

\_/ 66 acre container yard

Detail- Area a

Container storage

Container Facilities

Work is already underway on- Galveston's first
container facility . Two existing slips are being
filled to gain 66 acres for a container marshall -
ing yard. Storage will be available for approx-
imately 1800 containers stacked two high. Con-
tainers will be moved by trans-tainers from
trucks to the stacks and from the stacks

to the container crane.

Approximately 1700 feet of berthing space will
be obtained by the filling in of the slips, allow-
ing berthage for two containér ships. At present,
one of the slips has been filled and the facility
will be open early in 1972. The remaining slip
is to be filled later.

Vertical Container Storage

Instead of filling in the remaining slip and con-
verting the entire 66 acres into a marshalling
yard, the slips could be widened-and a system
of vertical container storage could be utilized.
By not filling in the slip, berthmg for four shlps

~could be provided.



Excavated to increase /
size of slips
- Slip already filled
for container yard

Detail- Area a

Vertical container storage

Area to be filled when
expansion is necessary

With a vertical storage system, room could be
provided for up to 2500 containers (10 high),
plus a considerable savings in land. Fewer
people would be required to operate such a
facility, therefore, part of the labor force

could be channelled into other port operations.

By creating certain zones for rail and truck
unloading, congestion will be kept to a mini-
mum. .
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If the remaining slip is filled and the marshall-
ing yard is used, a vertical storage system could
still be installed at a later date to increase the
capacity . The storage capacity could be in-
creased from 1800 to approximately 2500 and
much of the land from the previous marshalling
yard could be returned to other usage. The
shoreline along the eastern side of the yard
would be filled to gain another berth .

Excavated

Both slips filled for
container yard

Detail-Area a

=

Future expansion could be provided by filling
along the eastern shoreline to gain another
berth and area for another vertical storage
structure .

One possible system of vertical container
storage is a skeleton structure of columns and
slabs which would hold the containers. The
slab structure would be used in conjunction
with elevator type gantry cranes similar in
design to those used by the "Pidgeon Hole"
parking garage system




These cranes travel horizontally on tracks
between the structure and the edge of the pier
while containers can be lifted to the desired
height. The crane picks up containers by
means of an extendable arm which positions
above the container, raises the container and
returns to the crane with the container.

Containers to be stored in this facility would
be brought by rail,, truck or barge. Large lift
trucks would carry containers from train cars
to the crane, while containers on trucks and
barges would be unloaded directly onto the
crane .
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6.1.3 Conclusion

With the addition of multistory warehouse/
transit sheds, Galveston could greatly in-
crease the efficiency of its handling of
general cargo. With covered facilities, dock
gangs could work cargo in all types of weather
and the distance required for cargo transfer
would be reduced with warehouses located on
the aprons. The addition of wider aprons with
the warehouses would permit the use of gantry
cranes in loading and unloading .

Transfer of cargo to the new warehouses would
allow removal of the old warehouses and the
railroad lines servicing them . Traffic conges-
tion would be greatly relieved without the rail
lines and the heavy truck traffic which now
service the warehouses. With the old ware-
houses removed, room would be provided for
expansion of the port or for housing or recrea~-
tional facilities.

~ The implementation of a vertical container

storage facility would reduce the area re-

“quired for the storage of containers. The

smaller number of people required to operate
a vertical storage facility would allow the -
port to spread its labor force over several
other facilities. By introducing vertical
storage either now or at a later date in-
stead of a container marshalling yard, the
storage capacity can be greatly increased.
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6.2.1 Introduction

The preceding concept which dealt with
existing ports demonstrated the fact that most
present day ports need to update their anti=
quated facilities and that new achievements
in marine technology demand changes. A
need arises for functionally designed facilities
which can respond efficiently to changes in
maritime technology, but the planning of
such port facilities should not end there.
Much thought should be given to phasing out
the old facilities in the interim between the
present and the projected future completion
date .

The objective of such interim planning should
be to develop transition concepts based on
anticipated changes in port and harbor de=
velopment, like the development of offshore
ports, supersized vessels and other trends in
the shipping industry . To compound the pro-
blems of transitional development, the design-
er is not only faced with conventional econo-
mic, social and political pressures but has
also to consider the maintenance of environ-
mental resources, particularly in coastal and
inland water zones which are currently being
abused and destroyed. Environmental con-
straints directly affect the development of
ports and harbors throughout the world. The
problems are especially acute in highly in-
dustrialized areas such as the Houston Ship
Channel in the United States where the waters
are so polluted that no manner of life exists
within five miles of the turning basin. Such
conditions exist where environmental balance
is neglected in port and harbor operation and
planning .

Effective interim planning which could deal
with such imbalances would include three
major areas of activity: A) introducing en-
vironmental concern and thought into the
transitional development of ports and harbors
of the future; B) developing more efficient
use of patterns in coastal and inland ports

and their surroundings; C) modernizing
transportational delivery and retrieval systems.



6.2.2 Concept Development

In order to approach the transition of ports and
harbors in a rational manner, it would be of
value to look first at the large scale operations
of ports and harbors,where they do exist and why
they exist and what is around them . All ports
and harbors are found in coastal or inland water
zones. Within these zones by definition we find
that ports are in a transitional environment,
between the land and the water, whether coastal
or inland. Environmentally, socially, politically
and economically this is of importance fo us:
A)Socially, because a majority of populations live
in the coastal zone or rély on some form of water-
borne trade . These populations are constantly
growing and expanding. B) Politically, because
governments rely upon their people and resources.
Ports and harbors have always played major roles
in the development of world powers and should
continue to be an important international trans-
portational system. C) Economically, we find that
a good deal of industry worldwide is located near
water . Factors affecting waterfront location of
industrial concerns are: A) Use of cheap water-
borne transportation, i.e. bulk raw materials.

B) Use of water in manufacturing process (brack-
ish water is satisfactory,i.e. cooling of equip~
ment). C) Ability to discard waste info ocean
shore, rivers and lakes,i.e . dumping of waste
gases. D) Saving on product distribution usually
being adjacent to large metropolitan areas.

In the light of industry, availability of water
routes is of major economic importance in oper-
ational planning of waterfront industry . Envi-
ronmentally, these zones are the most productive
land areas, teeming with life and food for man .

In relation to natural and artificial changes in
any coastal and inland water zone problems such
as these do develop:

* pollution

* shoreline erosion

- shoreline damage from storms

* loss of wildlife and nutrient areas

- silting and shoaling

* detrophication

* proliferation of pests and other unwanted

species
* dredging and filling .
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Man must be able to understand the natural
processes occuring in the nearshore environ-
ment and thus predict his own effects on the
environment. He must also use the environ=-
ment for the benefit of all mankind by accom-
modating,with minimum conflict,multiple uses
and maintain and restore if necessary to an
acceptable level of public choice both now
and in the future .

Noting the chart on present coastal zone
usage, (the items shown are rated to their
future development) those positive valued
items indicate a need for increased develop-
ment and the negative values indicate a
decrease in development, i.e. aqua culture
(4+) should have more emphasis than fisheries

(24).

@4 3 2+
‘ waste disposal
* municipal sewerage
* industrial waste
shoreline development
* industrial
O—— * housing
* ports
exploitation of living resources
+ fisheries
+ aqua culture
recreation
« swimming
« booting and sport fishing
water resources
« municipel and industricl supplies
transportation
- shipping
» waterways

[

+ wildlife and estuarine management
exploitation of non-living resources

- ofl

° gas
- grovel

T

oyster shell

harbour
wild!ife and estuarine preservation

N

From this point it would appear that some

basic concepts are developing: We

have established the fact that the coastal

and inland water zones are of basic value

to man in order for him to live on the earth and
it would follow that man would be concerned
with this zoning and establish land usage
around this premise .

Conceptually it could be conceived that use
of the land for'urban purposes could be kept
to a minimum by creating cities of people
living in high density structure and using



areas not considered habitable such as deserts,
steppes, mountains, ice-covered areas and
water surfaces for settlements in order fo de-
velop the most valuable land in cultivation
and nearshore and estuaries in aqua-cultiva=-
tion .

Interior
Citie:

Transportation
Linkage |

We can see that a transportation system must
be developed showing imports and exports
traveling from coastal terminals to the inland
cities not always following natural water-
ways,i .e . cities which would exist in deserfs,
mountains, steppes, etfc.

The transportation system seems to be a sound
idea and will be looked at more carefully
based on the fact that one of our aims is to
establish a more modern and efficient trans-
portal delivery and retrieval system.

The different systems of transportation to be
considered in the development will be as
follows:

- barges

* trains

+ trucks

- aircraft

- pipeline.
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Barges: Advances have been made in the
employment of barges, both ocean going and
inland water barges. The development of the
LASH vessel concept and the Seabee System
(Lykes Bros . Steamship Co ., Inc.) for trans-
porting unit barges on overseas routes coupled
with attendant facilities (rail, road, ware-
housing, transit distribution facilities) are
among many proposals involving the use of
barges as a major means of waterborne
traffic . The barge-tug systems appear to be
a realistic approach in many aspects. Some
obvious advantages are:

- the draft of the barge in relation to other

forms of waterborne traffic (tankers, cargo
vessels)

- the amount of load which can be carried

economically, outweighs other systems of
transportation

- unit handling costs are lower
« flexibility of major equipment components.
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- barges lend themselves to various operational

types:
- stay-tugs remain attached to the flotilla
while cargo is worked
swap - tugs exchange an inbound barge
for an outbound barge
drop - a tug drops a barge in a port and
returns for it before proceeding on the
transocean journey

. flexibility allows certain variety in facilities

to handle the barges

- barges could maintain full time operation while

construction of new facilities were taking place.



Problems which have arisen from the growing

breed of waterborne vessels are in the area of

personnel and management aboard these vessels:

* captains with little or no training in inland or
ocean going navigation

- too little pay fo attract top quality seamen to
these positions. ‘

Trains: Rail systems are at a different stage of

development. They have neither reached the

optimum in size or speed. The function of any
transportation system is to move cargo and people
efficiently and economically from place to place.
The Jopanese have done considerable work in
developing faster more effective trains,i.e.
Tokaido Line, Japan reaching speeds of 130
miles/hour .

New

i

Perhaps we might find that our needs from the
present day's trains fo special train units for
use in an infercity transportation system are
an increase in size of wheel base resulting

in greater payloads in hauling capacity .

Greater power thus needed to pull these loads
could be developed through use of atomic
fuels for engines. Use of air suspension in
shorf unit trains could also achieve maximum
speed.
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supertain,

By, Sortmvstons,
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Comparison between sizes and loads carried
by conventional trains and possible super trains

of the future .

Trucks: In dealing with the road system we
must recognize the two distinct areas of func-
tion: those being private and those being
commercial .

Private vehicles:

- passenger vehicles

* trucks for private use

* farm equipment .

Commercial vehicles:

- commercial trucks

* buses.

Being aware of this distinction in road systems
it would be feasible to separate the two with=~
in the transport line. This separation would
allow the expansion of the present size of
commercial vehicles for more efficient road
systems as well as greater carrying capacity
combined with accompanying speed which
leads to economic saving .

Cross section of Transportation Link
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No optimums have been reached in this
area of transportation, although this con-
cept does not deal completely with the
trucking mode . It does suggest concept-
vally the consideration of super-trucks
basing size on earth moving machinery
but with adaption of speeds, making them
economically feasible for transportation
uses .

These vehicles could carry enormous pay-
loads of cargo and passengers to and from
coastal port terminals at conventional
speeds . Passenger-carriers also appear
fedsible at this increased scale .
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Aircraft: V/STOL systems could readily be
applied to a more rapid and efficient system
of transportation. Helicopters could be

~employed for high value - low weight cargo

as well as provide shuttle service between
port area and destination of goods. The
need for more advanced aviation calls for

a balanced system of air, surface and water
transportation modes. This system will maxi-
mize the flow of passengers and cargo from
point to point.

Pipelines: A fifth area of transportation
which has been little exploited is pipelines.
Its use to date has been largely devoted to
liquified petro products and liquified sulfur,
natural gas and others. It seems feasible
that other products could be transported
through pipelines from one place to an-
other by use of pneumatic, hydraulic or
magnetic forces.

Coupling all five areas of transportation systems
into a package we might see that an efficient
economical system could be developed to serve
the need for a transportation link between
coastal distribution terminals and major inland
metropolitan areas. It is conceivable that inter
port linkage could be developed between off-
shore facilities and the coastal distribution
terminal .

At this point our concept development is barely
complete, By knowing what we have in present
day ports and realizing what we need in future
ports we have the opportunity to take a systems
approach to port and harbor development in the
form of the interim port showing:

* facilities

* interface of transportation

* phasing.



6.2.3 Concept

In the interim port we find that distribution:of
cargo is of major importance in the operation of
any port handling any commodity, It is apparent
that lack of coordination and flexibility in the
present day ports can snowball the entire system
of retrieval and delivery . Because of this un-
organized distribution in most ports the results
become clear: ' i

+ wasted time on dockfront

» delay in ship turnaround :

+ secondary conflict of land-side interface

+ higher cost for handling

+ indirect distribution,

The objective of the interim port would be to
provide unified distribution of passengers and
cargo throughout the port, The results of this
proposal would also become clear:

- direct distribution

- saving on handling cost

» faster service to customer

+ faster ship turnaround

» increased efficiency of port operation

» eliminate interface conflict, ’

unified distribution

Schematic representation of port areas having:
unorganized distribution and unified distribution

120

Responding to the need for a systems vehicle to
utilize unified distribution, interim port com-
bines major transportational modes into a func-
tional facility supporting a number of secondary
activities,

Interim port facilities:

The facilities offered by interim ports are
broken down into primary and secondary eval-
vation. The primary facilities are as follows:
- barge terminal complex

- V/STOL terminal complex

* road vehicle terminal

- rail complex.

The secondary facilities will be intergrated
within the interim port structure:

- housing _

- intermodal service center

+ fuel storage center

- utilities complex

* communication center

- parking (auto)

- administrative operations

_+ medical support

- commercial retail center
- international trade mart
* marina operations

- observation control unit
- public viewing areas

* transit cargo cenfer

* warehouse complex

" - transportation feeders service complex

- waste treatment facility
- green belt reserves.
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Interim port interface:

The surface transportation network will consist
of a central roadway traversing the above
interim port at the residential level .

All inbound and outbound barges will enter
at specified levels into interim port. Special
employee parking and traffic service lanes
will be established at different levels of acti~
vity . Transit vehicles will also serve the in-
terim port complex from near by metropolis
areas.,

Grade separation interchanges will allow un-
interrupted interface between the major trans-
portational modes. Greenbelt reserves and
landscaped zones will be provided to buffer
public usage areas from commercially un-
attractive operations. Maximum usage of such
areas will establish acoustical reduction and
visual screening of interim port services.
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interim port

Vertical section through interim port showing
circulation patterns and facilities

Interface in interim port will be on two levels
of importance: first is the four modes of trans-
port within the port. Second , the operational
interface servicing the first level of interface.
Both these systems are inder~dependent on the
other .

Phasing: Interim Port:

The staging and adoption of facilities at the
terminal connection would need tremendous
coordination between all persons, organizations
and governments involved.

Phasing could be thought of as two different ap-
proaches but both very much a part of the other:
- instructive phasing

- physical phasing

The instructive or educational phasing should
be so designed as fo educate people, the real
recipiants of the system,as well as owners
and operators of l'ranspori'afion systems (peo-
ple directly affected by the existence of such

a port).



1 the masses .
2 semeary  formal __—~ informal
junior high
high school
college
telovision o (Wml
t
::::NW o m

libraries
tours
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Educational flow for instructive phasing

The educational approach is needed for success.
More than one project has been crushed for
failure to adopt this approach. Publicity is not
enough; the people must be involved. Feeling
they know what is going on as well as wanting
the project to be a success will help them know
the benefits of the venture will be theirs.

This educational program should be carried
throughout the entire development of interim
ports .

After a well designed educational plan has
been conceived and structured the first phase
of a four phase plan could begin .

The physical phasing would begin with trans-
formation of port facilities at the coastal points
and inland points as well as the development
of the transportation systems into a correlated
linkage matrix between interim port and the
hinterland it serves.

Phase |

» procurement of right-of-ways

- phasing out of present facilities on a ten
year program .

* preparation of site area for new construction

* redefinition of rail and trucking routes

* temporary use of land for support facilities

* pollution contracts begun .

Phase 2

- begin construction of linkage systems to metro-
politan areas
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- establishment of alternate approach routes to
site area

- road and rail development near completion

- establishment of greenbelt areas.

* 50% total facilities near completion.

Phase 3

* final connection of linkage system with interim
port

* full operational service to be established

- waterborne traffic using 50% barge .

This phase is of particular importance because

all aims of the concept should be becoming reality

in the technological sense while maintaining en-

vironmental integrities.

Phase 4 will be a re~evaluation of the concept
with the establishment of objectives in relation

to population growth patterns and distribution
with emphasis upon areas which show the greatest
need. The concept will provide a firm basis for
further expansion of future transportational needs.

Conclusions

It is apparent that only the schematic design of
the interim port concept has been established in
the preceding pages,lacking dimensional character
of a finished design package . It-is the aim of this
concept to offer an option to port development;a

system,employable now, 10 years from now and
in future ports of 2000 AD.
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6.3 Trans-Port 125

6.3.1 Introduction

Technological advancement is and always has
‘been a major part of the maritime scene. How-
ever, the changes occuring now are much great-
er and faster than ever before. There is a re~
volution in ocean shipping operations, which
effects equipment as well as cargo handling
methods.

Supersized vessels capable of single-trip de-
liveries of over a million barrels of liquid

cargo are now in service, with vessels on the
drawing boards that will dwarf these. Trem-
endous economic benefits are made possible by
large scale vessel:. However, these vessels
require deepwater mooring facilities or harbor
and channel depths substantially greater than
now available . To provide such depths creates
an avalanche of problems both natural and man-
made, such as:

- physical

- ecological

- safety

. economic/financial .

Containerization of non-bulk commodities is
accelerating at an unprecedented rate. The
benefits are numerous:

+ lower freight costs

- faster deliveries

* less shipping damage to cargo

* more economical handling costs.

In order to realize all of these benefits it will
be necessary to expend a large amount of funds,
either in rennovating existing port facilities or
building new ports.

The time is right for new, innovative and
creative thinking for ports and harbors. This
section will present an idea of a multi-func-
tion facility located offshore.
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6.3.2 Concept

Trans-Port is a facility designed to meet Based on the requirement of deep water
the needs of an industry with rapid chang- to accommodate deep draft vessels, the
ing technological advances. [t is a point Trans-Port will be located in water over
of interface of transporfation modes. Trans- 100 feet deep,along the continental shelf.
Port becomes the common denominator for The actual site to be determined by need
each transportation mode . based on volume of ship traffic.

Hinterland | ')
Link 3 {

\————*—J _J
The prime goal of each mode is fo move Since the Trans-Port must serve the hinter-
cargo, whether it be bananas, mail or land, it is necessary to establish a direct
people . The terminal facilities where link. There are several options available:
cargo is loaded and unloaded requires + above surface
very similar equipment regardless of - surface
carrier type. '+ below surface .
The principal behind the Trans-Port idea By providing a submerged tunnel /tube con-
is to stratify or vertically separate the frans- necting the Trans-Port to land, it will be
portation modes. In effect, separate zones possible to establish a dry connection for
are created for each mode with a common rail or conveyor systems. The tunnel /tube
terminal facility . can be prefabricated of concrete, floated

to the site, submerged and assembled. After
assembly the structures can be anchored to
the bottom then pumpad dry . A tunnel /tube
connection will permit continuous submerged
access in conjunction with air and sea access.

Above

Surface

Below
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The tunnel operation would be continuous
feeding from existing terminal facilities,
thereby utilizing existing facilities with
established trade routes.

Tunnel/tube

E
. 2
. —-—-’—————

The tunnel /tube provides the advantage
of being operational independent of,
weather conditions that might affect air
or sea operations. It has the added ad-
vantage of being a submerged structure
that can provide the initial impetus for
an artificial reef, desirable for ecolo-
gical aspects.
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The need for a facility is apparent, due to
the liquid bulk cargo industry . By providing
a multi-use facility the expensive cost of
constructing such a facility is justifiable .

The advantages are many:

- unlimited expansion capabilities

* facility not dependent upon one cargo
type for success S

- eliminates noise and air pollution pro-
blems from the urban areas

* inhances ship turnaround and travel time

- increases safety in navigation by elimi-
nating treacherous channel navigation. .

A study by Paul Weidlinger, consulting ="~~~ . :
engineers, called FLAIR proposed a large " module - ' 200" '
floating airport constructed of large modu- " k—
lar units, floated together and anchored by

cables. This system when completed pro-

vided a stationary platform providing two

parallel runways with necessary aircraft - anchors
loading and support facilities.

Source: Architectural & Engineering News, Assembly section
December 1969 '
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Applying the same technique with a 2 level
module, it will provide approximately
50,000,000 square feet of covered space
that can provide a year round working en-
vironment for port personnel and visifors,as
well as accommodations for air travelers
with layovers.

Upper level plan, Trans - Port
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With the use of conveyor systems and com-
puterized coding. Storage and retrieval of
containers will be a simple automatic pro-
cedure. Aircraft can be lowered to the port
level to receive their cargo and returned to
the flight level for rapid delivery.

Lower level plan, Trans- Port
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Bulk zone \

Harbor

Container zone

\ o

Service zone

Tunnel / tube
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Air Rights - use of air space above .

Apron - the portion of a pier or wharf lying
between the waterfront edge and the
transit sheds.

Basin, Tidal - a dock or basin in which the
water level changes.

Basin, Turning = area of water set aside
for vessel turnaround.

Berth - the water area reserved for vessels
at a wharf or pier.

Breakwater - an engineering structure pro-
viding shelter from wave action.

Cofferdam ~ a temporary structure for the
exclusion of water from a site during
construction .

Crane, Gantry - a lifting device mounted
on a structural frame, generally track
mounted for mobility .

Crane, Luffing - the boom can be raised or
lowered without changing the height
of the load.

Dock, Dry - A) floating dry dock is a buoy-
ant structure open at both ends capable
of being flooded and pumped out to faci-
litate vessel entry . B) Graving Dry
Dock - a vessel is floated in, then gates
are closed and the area pumped dry .
Generally for repair or cleaning of a
vessel ,

Dolphin - an isolated cluster of piles used
for mooring or markers.

Dunnage - fill material placed in voids in
cargo holds between cargo and ship
to prevent cargo movement .
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DWT - dead weight tons

Fender System - protective devices to prevent
contact between vessel and structures .

Iribarren Equation ~ determines the relation-
ship between weight and slope of break-
waters for different wave heights.

Mean Low Water - the average height of the
low waters determined by averaging the
hourly levels aver a period of time .

Mean Sea Level - the average height of the

- sea determined by averaging the hourly
levels over a period of time .

Mole - a breakwater.

Overtopping - cresting of waves over the top
of a breakwater.

Quay - European term for wharf .

Slip - open space of water between piers.

Stevenson Formula - developed by Thomas
Stevenson to determine the approximate
wave height in a harbor .

Stowage - the process of placing cargo .

Terminal - the structures, facilities, or equip-

ment at the end of a transportation move-
ment, for the transfer of cargo.

Warp - process of turning a vessel around a

dolphin .

Weepholes - located in sheet piling used as

a bulkhead retaining wall when the water
lével in front of the bulkhead varies con=
siderably . This equalizes some of the load
pressures caused by differences in dry and
submerged conditions.
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